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DESCRIPTION 
LUBRICATING OIL FOR BEARING 



TECHNICAL FIELD 

The present invention relates to a Ixibricating oil for bearings , 
in particular, a lubricating oil for oil impregnated sintered 
bearings or fluid dynamic bearings. 

BACKGROUND ART 

Hitherto, oil impregnated sintered bearings have been used in 
motors for autconotive use (electrical components) , home appliances 

(air conditioners , refrigerators , etc . ) , audio equipments (CD 
players, MD players, etc.) and, in recent years, due to the rapid 
spread of cooputers (motors for memory devices) and mobile telephones 

(vibration motors) , there has been an increasing demand for oil 
impregnated sintered bearings. The commercialization of fluid 
dynamic beeurings is also being considered to reduce vibration over 
a wide rotational range. Furthermore, the increasingly large 
bearing loads resulting from the recent trend towsurd smaller and 
thinner equipments and higher motor speeds , have led to demands for 
improved bearing materials andL bearing Ixabricating oils with higher 
performance . 

It has been disclosed that liibricating oils containing a 
synthetic hydrocarbon oil such as a poly-a-olef in or cui ester oil 
such as a dibasic acid diester or a neopentyl polyol ester exhibit 
excellent performance as lubricating oils for oil impregnated 
sintered bearings or fluid dynamic beeurings (J^anese Unexamined 
Patent Publications Nos . 1995-53984, 1997-125086, and 1999-172267) . 
However, these lubricating oils cannot satisfactorily withstand 
severe operating conditions, and therefore lubricating oils that 
exhibit further improved characteristics are demanded. 

Specifically, characteristics required for such a beeuring 



Ixabricating oil include excellent heat resistance ( an ti -oxidation 
stability, evaporation resistance, small change in viscosity) , 
applicability over a wide temperature range, excellent lubricating 
ability, absence of influence on the bearing materials themselves, 
5 etc. Among these, considerable i mpor tance is being placed on heat 
resistance due to large temperature elevation caused by increased 
loads on beeurings. 

Furthermore, reduced electrical power consumption is also 
demanded in order to reduce emission of carbon dioxide which causes 

10 global warming . Therefore , to reduce energy losses caused by viscous 
friction, lubricating oils for bearings are required to have a low 
viscosity over a wide temperature range and low friction . Generally, 
however, with a decrease in the viscosity of lubricating oils, heat 
iresistance , and in particular evaporation resistance , tends to become 

15 poor , and therefore no lubricating oils with sufficient energy-saving 
capabilities for oil impregnated sintered bearings or fluid dj^namic 
beeurings have been realized. 

DISCLOSURE OF THE INVENTION 

20 

A principal object of the present invention is to provide a 
lubricating oil for bearings that has low viscosity over a wide 
temperature range, and excellent heat resistance, lubricating 
ability, €uid low temperature fluidity. 

25 To achieve the above object, the inventors conducted extensive 

research and found that a bearing lubricating oil comprising a 
specific aliphatic diester and a specific antioxidant has low 
viscosity over a wide temperattire range, and is excellent in heat 
resistance, lubricating ability and low temperature fluidity. The 

30 inventors also found that said bearing lubricating oil , when further 
containing a specific compound, exhibits an improved Itabricating 
ability and excellent metal compatibility, thereby having excellent 
properties as a lubricating oil for oil impregnated sintered beaurings 
or fluid dynamic bearings. The present invention bas been 

35 accomplished based on these findings cuid further researches, and 



provides the following bearing liibrlcatlng oils. 

Item 1. A lubricating oil for bearings coanprlslng 
(a) a dlester represented by General Formula (1) 

R^-CO-A-OC-R^ 

II II W 

O O 



wherein and are the same or different, and each represents a 
C3-C17 linear alkyl group, and A represents a C2-C10 linear aliphatic 
dihydrlc alcohol residue or a branched aliphaliic dihydric alcohol 
residue having one or more branches, 

(In other words , A represents a linear alkylene group having 
2 to 10 carbon atoms, or a branched alkylene grovip consisting of a 
linear all^lene group, the linear all^lene groijp being the principal 
chain, and one or more eUJcyl groups (branches) bonded to the linear 
all^lene group, wherein the total nuoaber of carbon atoms of the linear 
alkylene group and the one or more alkyl groiips is 2 to 10 , with the 
proviso that, when A is a branched alkylene group and has two or more 
alkyl groups , the two or moxre sUJcyl groixps are not bonded to the same 
carbon atom) , or a mixture of the dlester and an additd.onal base oil, 
and 

(b) at least one meniber selected from the group consisting of 
phenol-based antioxidants and amine-based aniiioxidants . 

Item 2. A lubricating oil for be€u:ings according to Itiem 1, 
wherein A is a C3-C10 aliphatic dihydrlc alcohol residue havdLng one 
or more branches (i.e. , a mono- or polyatll^l-substltuted linear 
aaiq^lene groip wherein the total number of carbon atoms of the all^l 
groixp and the linear alkylene group is 3 to 10) . 

Item 3. A lubricating oil for bearings according to Item 1, 
wherein A is a Ca^Cio aliphatiic dihydrlc alcohol residue having one 
branch (i.e. , a monoalkyl-substituted linear alkylene group wherein 
the total number of carbon atoms of the all^l groo;^ and the linear 
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alkylene groixp ±s 3 to 10) . 



Item 4 . A Itibrlcatlng oil for bearings according to Item 1 , 
wherein A is a C4-6 aliphatic dihydric alcohol residue having one 
5 branch (i.e., a XDonoalkyl siobstitnited linear allcylene groi:^ wherein 
the tx>tal ntshber of carbon atoms of the alkyl groxxp andi the lineeur 
alkylene group is 4 to 6) . 



Item 5. A Ixabricating oil for bearings according to Item 1, 
10 wherein A is a 3-methyl-l,5-pentanediol residue (i.e., a 
3<-methylpentylene group, -CH2CH2-CH (CH3) -CH2CH2-) . 

Item 6. A lubricating oil for bearings according to any one 
of Items 1 to 5, wherein and are the same or different, and each 
15 represents a C3-C11 linear alkyl group. 



Item 7. A lubricating oil for bearings according to Item 1, 
wherein the diester represented by General Formula (1) is a diester 
of a member selected from the group consisting of 
20 2-methyl-l,3-propanediol, 1 , 3-butanediol , 2-methyl-l,4-butanediol, 
1 , 4-pentanediol , 2-methyl-l , 5-pentanediol , 

3-methyl-l , 5-pentanediol and 1 , 5-hexanediol , and a member selected 
from saturated aliphatic linear monocarboxylic acids having 7 to 10 
Ccurbon atoms. 

25 

Item 8. A lubricating oil for besurings according to Item 1, 
wherein the diester represented fay General Formula (1) is a diester 
obtained from 3-methyl-l , 5-pentanediol , and at least one mesnber 
selected from the group consisting of n-heptanoic acid, n-octanoic 
30 acid, n-nonanoic acid and n-decanoic acid. 



Item 9. A lubricating oil for bearings according to Item 1, 
wherein the diester represented by General Formula (1) is at least 
one member selected from the grotxp consisting of 
35 3*-methyl-l,5-pentanediol di (n-octanoate) and. 



3-methyl-l,5-pentanediol d± (n-nonanoate) . 



Item 10 . A lvibr±cat:lng oil for bearings according to any one 
o£ Items 1 to 4 , wherein the diester represented by General Formula 
(1) is a diester obtained f rcnn two kinds of fatty acids selected from 
saturated cU.iphatic linear monoca rboacylic acids having 7 to 10 carbon 
atoms, and one kind of dihydric alcohol selected from the groiip 
consisting of 2 -methyl -1,3 -propanediol, 1 , 3-butanediol , 
2-methyl-l , 4-butanediol , 1 , 4-pentanediol , 

2- methyl-l,5-pentanediol^ 3-methyl-l , 5-pentanediol and 
1 , 5-hexanediol . 

Item 11 . A lubricati n g oil for bearings according to any one 
of Items 1 to 4 , wherein the diester represented by General Formula 
(1) is a diester obtained from 3-^methyl-l , 5-pentanediol and two kinds 
of fatty acids selected from C7-C10 saturated aliphatic linear 
nonocarboxylic acids. 

Item 12 . A lubricating oil for bearings according to any one 
of Items 1 to 4 , wherein the diester represented by General Formula 
(1) is a diester obtained from 3-methyl-l , 5-pentanediol and 
n-heptanoic acid and n-octanoic acid, a diester obtained from 

3- methyl-l, 5-pentanediol and n-heptanoic acid and n-nonanoic acid, 
a diester obtained from 3-methyl-l , 5-pentanediol and n-heptanoic 
acid and n-decanoic acid, a diester obtained from 

3-methyl-l , 5-pentanediol and n-octanoic acid and n-nonanoic acid, 
a diester obtained from 3-methyl-l , 5-pentanediol and n-octanoic acid 
and n-decanoic acid, or a diester obtained from 

3-methyl-l , 5-pentanediol and n-nonanoic acid and a diester obtained 
from n-decanoic acid. 

Item 13 . A lubricating oil for bearings according to any one 
of I t - ems 1 to 12 , tdierein the phenol-based antioxidant has 6 to 100 
carbon atoms and contains no sulfur atoms dLn the molecule, and the 
amine-based antioxidant has 6 to 60 carbon atoms and containing no 
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sulfur atoms in the molecule. 



Item 14 . A lubricating oil for bearings according to Item 13, 
wherein the phenol-based antioxidant is at least one mezober selected 
5 from the group consisting of 2 , 6-di-t-butylphenol, 

2 , 6-di- t-butyl-p-cresol ,4,4' -methylenebis (2 , 6-di-t-butylphenol) , 
4,4' -butylidenebis (3-methyl-6-t-butylphenol) , 
2,2' -methylenebis ( 4 -ethyl- 6- t-butylphenol ) , 
2,2' -methylenebis (4-methyl-6- t-butylphenol) , 
10 4,4' -isopropylidenebisphenol , 2 , 4-diinethyl-6- t-butylphenol , 

tetrakis [methylene-3- (3 , 5-di-t-bu1gfl-4-hydro3cyphenyl) propionate] 
methane , 1,1, 3-tris (2-methyl-4-hydroaqr-5- t-butylphenyl) butane , 
1,3, 5-trimethyl-2 , 4 , 6- tris (3 , 5-di- t-butyl-4-hydroa^)enzyl) - 
benzene, 

15 2,2' -dihydro3y-3 , 3' -di (a-methylcycloheagrl) -5,5' -ddunethyl- 
diphenylmethane , 2,2' -isobutylidenebis (4 , 6-diiiiethylphenol) , 
2 , 6-bis (2 ' -hydro3cy-3' - t-butyl-5' ^methylbenzyl) -4-methylphenol , 
1,1' -bis (4-hydroxyphenyl) cyclohexauie , 2 , 5-di- t-anylhydroquinone , 

2 . 5- di- t-butylhydroquinone , 1 , 4-dihydroxyanthraquinone , 
20 3- t-butyl-4-hydro»Yanisole , 2- t-butyl-4-hydro3rfanisole , 

2 , 4 -dibenzpylresorcinol , 4- t-butylcatechol , 

2 . 6- di- t-butyl-4-ethylphenol , 2-hydroxy-4-aaethox3^Denzophenone , 

2 , 4-dihydrox3^3enzcphenone , 2,2' -dihydro37-4-iDetho3c^benzpphenone , 
2,4, 5-trihydrox3^3enzophenone , a- tocopherol , 
25 bis [2- (2-hydroxy-5-methyl-3-t-butylbenzyl) -4-methyl-6-t- 
bu^lphenyl] terephthalate , 

triethyleneglycol-bis [3- (3- t-butyl-5-methyl-4-hydroxyphenyl- 
propionate] , 

1 , 6-hexauiediol-bis [3- (3 , 5-di- t-butyl-4-hydroxyphenyl) propionate] 
30 ; and 

the amine-l>ased antioxidant is at least one member selected 
from the qra\jp consisting of diphenylamine , mono(C4-C9 
allcyl) -substituted diphenylamines , p,p '^-di (mono C4-C9 
allcyl-phenyl) amines , and di (mono C4-C9 allcyl -phenyl) amines wherein 
35 the cU.]cyl grox:^ on one l3enzene ring is different from the alkyl groi:^ 



on the other benzene ring, di (di-C4-C9 alkylphenyl) amines wherein at 
least one of the f oxar allcyl groups on the two benzene rings is different 
from the other alkyl groups, I^-phenyl-l-naphthylamine, 
2^-phenyl-2-naphthylamine , 4-octylphenyl-l-naphthylamine , 
5 4-octylphenyl-2-na^hthylamine, p-phenylenedi amine , 
l^-phenyl-N' -isopropyl-p-phenylenediamine ^ and 
N-phenyl-N' - (1 , 3-dimethyIbutyl) -p-^henylenediamine . 

Item 15 . A lubricating oil for bearings according to Item 13 , 
10 wherein component (b) is a combination of at least one member selected 
from the groi:^ consisting of 2^6-di-t-bu"^l-p-cresol^ 
4,4' ^methylene bis(2,6-di-t-butylphenol) and 

2,6-di-t-butyl-4-ethylphenol with at least one member selected from 
the groixp consisting of p,,p '-dioctyl (including linear and branched) 
15 diphez^lamines , p,p '-dinonyl (including linear and branched) 
diphenylamines , and 2i^-phenyl-l-n^hthylamine . 

In the present specification , (including linear cuid branched'' 
means including either or both of linear allcyl and branched alkyl. 

20 

Item 16 . A lubricating oil for bearings according to any one 
of Items 1 to 15, which further comprises (c) at least one moober 
selected from the group consisting of phosphorus-based compounds and 
aliphatic linear monocarbo^g^lic acids. 

25 

Item 17 . A Ivibricating oil for bearings according to Item 16, 
wherein the phosphorus -based compound is at least one member selected 
from the group consisting of phosphoric acid triesters , phosphorous 
acid triesters , acid phosphates and acid phosphites , each having 12 
30 to 70 carbon atoms cUid conadLning no sulfur atoms in the molecules, 
and the aliphatic linear monocarboscylic acid has 12 to 22 c€u:bon 
atoms . 
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Item 18 . A lubricating oil for bearings according to Item 16, 
wherein the phosphorus-based compotind is at least one member selected 



from the groxxp consisting of 

cl) trl (linear or branched C4-C18 alkyl) phosphates, 
c2) trl(C4-C::8 cycloalkyl) phosphates, 

c3) trl (unsxibstltuted or substituted phenyl) phosphates (the 
substituted phenyl group Is substituted with 1 to 3 substltuents 
selected from the group consisting of Ci-Cio alkyl, halogen atom (in 
particular, bromine) and hydroxy group. One or two of the three 
phenyl groxxps may be unsubstltuted and the rest may be substituted) , 
c4) trl (linear or branched C^-Cig all^l) phosphites, 
c5) trl (C4-C8 cycloalkyl) phosphites, 

c6) trl (unsubstltuted or substituted phenyl) phosphites (the 
substituted phenyl group Is substituted with 1 to 3 substltuents 
selected from the group consisting of Ci-C^o alkyl, halogen atom (in 
peurticu la r, bromine) and hydroxy group. One or two of the three 
phenyl groups may be unsubstltuted and the rest may be substituted) , 
c7) di(line6u: or branched C4-C18 alkyl) phosphates, 
c8) dl(C4-C8 cycloaUqfl) phosphates, 

c9) di (unsubstltuted or substituted phenyl) phosphates (the 
substituted phenyl group is substituted with 1 to 3 substltuents 
selected from the group consisting of Ci-Ciq alkyl, halogen atom (in 
particular , bromine) and hydroxy group . One of the two phenyl groups 
may be unsubstltuted and the rest may be substituted) , 
dO) di (linear or branched C4-C18 alkyl) phosphites, 
dl) di(C4-C8 cycloalkyl) phosphites, and 

cl2) di (unstabstituted or substituted phenyl) phosphites (the 
substituted phenyl group is substituted with 1 to 3 substltuents 
selected from the groizp consisting of Ci-Cio all^l , halogen atom (in 
particular , bromine) and hydroxy group . One of the two phenyl grovqps 
may be unsubstltuted and the other may be substituted) , and 
the aliphatic linear monocarboxylic acid has 14 to 18 carbon atoms . 

Item 19 . A Ixibricating oil for bearings according to Item 16, 
wherein said at least one member selected from the group consisting 
of a phosphorus -based compound and an aliphatic linear monoceorboxylic 
acid is a combination of at least one mendber selected from the group 



consis^blng of tri (n-octyl) phosphate^ triphenyl phosphate and 
tricresyl phosphate, with at least one member selected from the groxxp 
consisting of n-tetradecanoic acid, n-hexadecanoic acid and 
n-octadecanoic acid. 

5 

Item 20 . A liibricating oil for bearings according to any one 
of Items 16 to 19, which further conprises (d) at least one member 
selected from the group consisting of benzotriazole-based compounds 
and gallic acid-based compounds. 

10 

Item 21 . A lubricati ng oil for bearings according to Item 20 , 
wherein the benzotriazole-based compound has 6 to 60 carbon atoms 
and contains no sulfur atoms in the molecule, and the gallic 
acid-based compound has 7 to 30 caj^3on atoms. 

15 

Item 22 . A lubricating oil for bearings according to Item 20 , 
wherein the benzotriazole-based compotmd is at least one member 
selected from the group consisting of benzotriazole , 
5-methyl-lH-benzotriazole , l-dioctylanonomethylbenzotriazole , 

20 l-dioctylaminomethyl-5-methylbenzotriazole , 

2- (5' -imethyl-2' -hydros^enyl) benzotriazole, 2- [2' -hydroxy-3' , 5' - 

bis (a , a-dimethylbenzyl ) phenyl ] -2H-benzotriazole , 

2- (3' ,5' -di-t-butyl-2' -Iqrdroxyphenyl) benzotriazole , 

2- (3' -t-butyl-5' -methyl-2' -hydroxyphenyl) -5-chlorobenzotriazole , 

25 2- (3' ,5' -di-t-butyl-2' -hydroxyphenyl) -5-chlorobenzotriazole, 
2- (3' ,5' -di-t-anyl-2' -hydroxyphenyl) benzotriazole, 
2- (5' -t-butyl-2' -hydroxyphenyl) benzotriazole, 
2- (2' -hydro3cy-5' -me thylphenyl) benzotriazole, 
2- (2 ' -hydroxy-5 ' -t-octylphenyl) benzotriazole , and 

30 2-[2'-hydroxy-3'-(3",4"-5",6" tetrahydrophthalidanethyl) - 
5 ' -me thylphenyl ] benzotriazole ; and 

the gallic acid-beised compound is at least one member selected from 
the group consisting of geU-lic acid, linear or branched CX-C22 alkyl 
esters of gallic acid, and C4-C8 cydoalkyl esters of gallic acid. 
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Item 23 . A lubrica-blng oil for bearings according to Item 20 , 
wherein said at least one member selected from the group consisting 
of a benzotrlazole-based compoiind and a gallic acid-based compounds 

Is : 

• benzotrlazole + (n-propyl) gallate 

• benzotrlazole + (n-octyl) gallate, 
'benzotrlazole + (n-dodecyl) gallate, 

• 5'-methyl-lH-benzotelazolebenzotrlazole + (n-propyl) gallate, 

• 5-methyl-lH-benzotrlazole + (n-octyl) gallate, or 

• 5-methyl-lH-benzotriazole + (n-dodecyl) g€LLlate . 

Item 24 . A lubricating oil for bearings according to Item 1 , 
which has a kinematic viscosity at 40 "^C of 5-10 mm^/s and a klnemaUc 
viscosity at O^^C of 15-40 mmVs. 

DETAILED DESCRIPTION OF THE INVENTION 

Component: (a) ; dlester represented by General Formula (1) 

The dlester represented by GeneraO. Formula (1) of the present 
Invention (hereunder, referred to as ^^the present ester") Is an ester 
compound obtuned by esterlfylng a certain acid component. I.e. , a 
linear saturated aliphatic monocarbosqfllc add represented by 
General Formula R^COOH or R^COOH (wherein R^ and R^ are as defined 
above) , or a mixture of such carboayllc adds, with an alcohol 
component represented by General Formula (2) 

HO-A-OH (2) 

wherein A represents a C2-C10 (pardculeurly C3-C10) linear aliphatic 
dlhydrlc alcohol residue or branched allpha^c dlhydrlc alcohol 
residue having one or more branches according to a conventional method, 
preferably under a nitrogen or other Inert gas atmosphere. In the 
presence or absence of an esterlf Icatlon catalyst with stirring and 
hea^ng. 



<Acid coinponen'bs> 

Elxanples of acid ca]i^x>nen'ts of the present ester ctre C4-C18 
saturated aliphatic linear monoca rboxyllc acids , I.e., 
monocarboxyllc acids represented by General Formula R^COOH or R^COOH 
(wherein R^ and R^ represent a C3-C17 linear all^l grot^) , and more 
specifically Include, n-butanolc acid, n-pentanolc acid, n-hexanolc 
acid, n-heptanolc acid, n-octanolc acid, n-nonauiolc acid, n-decanolc 
acid, n-undecanolc acid, n-dodecanolc acid, n-trldecanolc add, 
n-tetradecanolc acid, n-pentadecanolc acid, n-hexadecanolc acid, 
n-hepta dec a n olc acid, and n-octadeceuiolc acid. 

Among these, C4-C12 saturated aliphatic linear monocaxfeoa^lic 
acids, i.e., monocsudMSQ^lic: acids represented by General Formula 
R^CXX>H or B?COOa (i«herein R^ and R^ are C3-C11 lineu alkyl groi:ps) , 
are preferable. 

Because of the ability to impart excellent fluidity and low 
viscosi^ at low temperatures, C4-C9 saturated £j.iphatic lineau: 
monocarboxyllc acids , i.e., monocarbos^lic acids represented by 
General Forxmila R^COOH or R^COOH (wherein R^ and R^ eure C3-C8 linear 
alkyl groups) , are preferable. Specific examples of preferable 
acids include n-butanoic acid, n-pentanoic acid, n-hexanoic acid, 
n-heptanoic acid, n-octanoic acid, and n-nonanoic acid. Furthermore, 
because of Imparting excellent heat resistance, C8-C12 saturated 
aliphatic linear monocarbo^gf lie acids , i.e., monocarbosQflic acids 
represented by General Formula R^COOH or R^COOH (wherein R^ and 
represent C7-C11 linear alkyl groups), i.e., n-octanoic acid, 
n-nonanolc acid, n-decanoic acid, n-undecamoic acid, and 
n-dodecanolc acid are preferable. 

Among these, C7-C10 saturated aliphatic linear monocarboscyllc 
acids, i.e., monocarboxyllc acids represented by General Formula 
R^CCX>H or R^COOH (wheredLn R^ and R^ represent C6-C9 linear alkyl groiqps) , 
are especially preferable. Specific examples of especially 
preferable monocarboxyllc acids are n-heptanoic acid, n-octanolc 
acid, n-noncuioic acid, and n-deccuiolc acid. 

The above-exemplified acid components may be used singly or 
in combination of two or more. If two or more acids are used, the 



resul^ng ester cont:a±ns a mixed ester containing acyl groups derived 
from two or more acids in the molecule. 

When acid cc3K$>onent has less than 4 Ccurbon atoms , the resulting 
ester tend to have an increased evaporation amount. On the other 
hand, when the number of carbon atoms exceeds 18, the viscosity at 
low teooperatures tends to Increase. 

<AJ.cohol component> 

In General Formula (1) , dihydrlc alcohol residue A represents 
a residue (bivalent group) obtained by removing two hydrosrsr grotqps 
from the aliphatic dihydrlc alcohol r^resented by General Formula 
(2) . £Speclflcally, A represents a C2-C10 (In partlculaur, C3-C10) 
linear alkylene group. Alternatively, A represents a branched 
alkylene group consisting of a linear alkylene grotzp, which Is the 
principal chain, and one or more alkyl groins (branches) bonded to 
the linear allq^lene group, wherein the total number of carbon atoms 
of the linear alkylene group cuid the one or more alkyl groups Is 2 
to 10 (in particular, 3 to 10) . However, when A is a branched aOlcjrlene 
group £uid has two or more alkyl groups , the two or more ed.1^1 groups 
are not bonded to the same carbon atom. 

In other words, A is a C2-C10, and in peurticular, C3-C10, linear 
aU^lene groip, or a mono- or poly-alkyl substituted linear alkylene 
groTxp, wherein the total number of carbon atoms of the mono or 
polyalkyl substltuents and the linear alkylene group is 2 to 10 , and 
in particulaur, 3 to 10. 

When A is a branched alkyl group, it is preferable that the 
number of the branch, i.e. , alkyl grotjpbe oneor two, and in particular, 
one. 

Examples of alcohol components comprising such a residue A 
Include C2-C10, and in particular C3-C10, aliphatic dihydrlc alcohols, 
in particular, saturated aliphatic dihydrlc alcohols , which may have 
one or two branches. However, when the dihydrlc alcohol has two 
or more branches (i.e., alkyl groups) , the two or more branches (i.e., 
alkyl groups) are not bonded to the same carbon atom. Therefore, 
the alcohol component does not Include 2 ,2-dimethylpropanediol 



(neopentyl glycol), 2 ,2-diethylpropanediol, 

2-butyl-2-ethylpropanediol and lUce dihydrlc alcohols coinprlsxng a 
neopentyl structure in the molecules. 

Specific e xamp les o£ aJ.cohol components include ethylene 
glycol, 1,2 -propanediol, 1,3 -propanediol, 2-methyl-l,3-propanediol, 

1.3- butanediol, 1,4-butanediol, 2-methyl-l,4-butanediol, 

1.4- pentanediol, 1, 5-pentanediol, 2-inethyl-l,5-penteuiediol, 
3rmethyl-l,5-pentanediol, 1 , 5-hexanediol , 1 , 6*hexanediol , 

2- methyl-l,6-hexanediol, 3-methyl-l , 6-hexanediol , 1 , 6-heptanediol , 
1,7-heptanediol, 2-methyl-l,7-hept:anediol, 
3^methyl-l,7-hept:anediol, 4-inethyl-l,7-heptanediol, 
1,7-octanediol, 1,8-octanediol, 2-methyl-l,8-octanediol, 

3- inethyl-l,8-octanediol, 4-methyl-l,8-oct3nediol, 1,8-nonanediol, 
1,9-nonanediol, 2-inethyl-l,9-nonanediol, 3-iiiethyl--l,9-nonanediol, 

4- methyl-l,9-nonanediol, 5-methyl-l , 9-nonanediol , 1 , 10-decanediol , 
2-ethyl-l,3-hexanediol, 2,4-dietl^l-l,5-p6nt;anediol, etc. The 
above alcohol component's can be used singly in esterif ication or in 
a combina'bion of two or more alcohols. 

IVmong these, from the stanG^>oint of imparting excellent heat 
resistance and low temperature fluidity, C4-C6 aliphatic dihydric 
alcohols having one or t^wo branches are preferable , and C4-C6 £J.iphatic 
dihydric alcohols having one brsuich are especially preferable. 
Specific examples include 2-methyl-l,3"propanediol, 1,3-butanediol, 
2-methyl-l,4-butanediol, 1,4-pentanediol, 
2-methyl-l,5-pentanediol, 3-methyl-l,5-pentanediol, 

1. 5- hexanediol, etc. Among these, 3-methyl-l , 5-pentanediol is 
par Ocularly preferable. 

<Esterifica'tion reacU.on> 

In the esterif ication reac^on , for example , 2 . 0 to 3 . 0 moles , 
preferably 2 . 01 to 2.5 moles , of an acid component is used per mole 
of an alcohol component. 

Examples of esterif ication catcJ.ys'ts include Lewis acids, 
alkali metals , sulfonic acids , etc . Specific exazi^>les of Lewis acids 
include aluminum derivatives, tin deriva-tives , and titanium 
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derlvatlves. Exaznples of alkcd.! metal derivatives are sodium 
alkoxides, potassium alkoxides, etc. Examples of sulfonic acids 
include p-toluenesulfonic acid, methanesulfonic acid, sulfxaric acid, 
etc. The amount to be used is, for example , 0.05 to 1.0 wt% based 
on the total amount of raw materieU. acid and alcohol. 

The prefercd^le temperature for esterif icai:ion is in the range 
of from 150 to 230 ''C, and the reaction is usually completed in 3 to 
30 hours. 

In the esterif ication, the water produced may be discharged 
from the reaction system by an azeotropic distillation using a solvent: 
such as benzene, toluene, sq^lene or cyclohexane. 

After oonplebion of the esterif ica^on reaction, excess 
starting m at er ials are evc^>orated under reduced pressure or 
atmospheric pressure . Subsecpiently , the resta tant: ester is purified 
using a conventional purificat^ion method, for example, 
neut:ralization, washing with water, liquid-liquid extraction, 
dist:illation under reduced pressure, adsorption purification such 
as treatment with acUvated carbon, etc. 

<Preferable diesters> 

Among the present esters , preferable diesters include diesters 
of a C7-C10 saturated €d.iphatic linear monocarboscylic acid with 

2- methyl-l,3-propanediol, 1,3-butanediol, 2-methyl-l , 4-butanediol , 
1 , 4 -pentanediol , 2-methyl-l , 5-pentanediol , 

3- methyl-l,5-pentanediol or 1,5-hexanediol. 

Specific examples of diesters of 2-methyl-l,3-prcpanediol 
with a C7-C10 saturated aliphatic linear monocarboxylic acid include 
2 -methyl- 1,3 -propanediol di (n-heptanoate) , 
2-methyl-l,3-propanediol di (n-octanoate) , 
2-methyl-l,3-propanediol di (n-nonanoate) , and 
2-methyl-l , 3-propanediol di (n-decanoate) . 

Specific examples of diesters of 1,3-butanediol with a C7-C10 
saturated aliphatic linecu: monocarboxylic acid include 
1 , 3-butanediol di (n-heptanoate) , 1 , 3-butanediol di (n-octanoate) , 
1 , 3-butanediol di (n-noncuioate) , and 1 , 3-butanediol 
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di (n-tiecanoate) . 

Specific examples of diesters of 2-methyl-l,4-butanediol with 
a C7-C10 saturated aliphatic linear noonocarboxylic acid include 
2-inethyl-l , 4-butanediol di (n-heptanoate) , 2-methyl-l , 4-butanediol 
di (n-octanoate) , 2-methyl-l , 4-butanediol di (n-nonanoate) , and 
2-niethyl-l , 4-butanediol di (n-decanoate) . 

Specific exaznples of diesters of 1,4-pentanediol with a C7-C10 
saturated aliphatic linear monocarboxylic acid include 
1 , 4-pentanediol di (n-heptanoate) , 1 , 4-pentanediol di (n-octanoate) , 

1.4- pentcuiediol di (n-nonanoate) , and 1 , 4-pentanediol 
di (n-decanoate) . 

Sp&c±£±G examples of diesters of 2-methyl-l, 5-pentanediol 
with a C7-C10 saturated aliphatic lineau: monocarboxylic acid include 
2-methyl-l , 5-pentanediol di (n-heptanoate) , 
2-methyl-l, 5-pent£uiediol di (n-octanoate) , 
2-methyl-l , 5-pentanediol di (n-nonanoate) , and 

2- methyl-l , 5-pentanedioldi (n-decanoate) . 

Specific examples of diesters of 3-methyl-l , S-pentcUiediol 
with a C7-C10 saturated aliphatic linear monocarboaylic acid include 

3- methyl-l , 5-pentanediol di (n-heptanoate) , . 
3-methyl-l , 5-pentanediol di (n-octanoate) , 
3-methyl-l , 5-pentanediol di (n-nonanoate) , and 
3-methyl-l, 5-pentanediol di (n-decanoate) . 

Specific examples of diesters of 1 , 5-hexanediol with a C7-C10 
saturated aliphatic linear monocai^Ms^lic acid include 

1 . 5- hexanedliol di (n-heptanoate) , 1 , 5-hexanediol di (n-octanoate) , 
1 , 5-hexanediol di (n-nonanoate) , and 1 , 5-hexanediol 

di (n-decanoate) . 

Among the above-mentioned preferable diesters, diesters of 
3-methyl-l, 5-pentauiediol and a C7-C10 saturated aliphatic linear 
monocarboxylic acid are especially preferable. Because of their 
excellent low temperature fluidity, 3-methyl-l , 5-pentcmediol 
di (n-heptanoate) , 3-methyl-l, 5-pentanediol di (n-oct£moate) , and 
3-methyl-l , 5-pentanediol di (n-nonanoate) are especially preferable . 
In view of their excellent heat resistance , 3-methyl-l , 5-pentanediol 
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. di (n-octanoate) , 3-methyl-l , 5-pentanediol di (n-nonanoate) , and 
3-methyl-l,5-pentanedlol d± (n-decanoat:e) are especially 
preferable . 

Furthermore^ 3-methyl-l, 5-pentanediol di (n-octanoate) and 
5 S-methyl-l , 5-pentanediol di (n-nonanoate) are especieU.ly preferable 
because they have well-balanced heat resistance and low temperature 
fluidity . 

Among the present esters , diesters obtained from two kinds of 
fatty acids selected from C7-C10 saturated aliphatic linear 

10 monocarboxylic acids emd one kind of dihydric alcohol selected from 
the groTzp consisting of 2-methyl-l,3-propanediol, 1 , 3-butanediol , 
2-methyl-l , 4-butanediol , 1 , 4-pentanediol , 
2-methyl-l, 5-pentanediol, 3-methyl-l , 5-pentanediol and 
1 , 5-hexanediol are also preferable . Such diesters produced from two 

15 kinds of f atiy acids and a dihydric alcohol are usually a mixture 
of esters comprising a mixed diester having two different ester groups , 
a diester whose two ester groups are derived from one of the two fatty 
acids used, and a diester whose two ester groups eure derived from 
the other of the two fatty acids used. Such a mixture of esters may 

20 be used as they are, and it is also possible to use only the mdLxed 
diester after separating it from such a mixture. 

Preferable examples of diesters prepared using two types of 
fatty acids and 2-methyl-l , 3-propanediol dLnclude diesters prepared 
from 2^methyl-l, 3-propanediol and n-heptanoic acid and n-octanoic 

25 acid; diesters prepeured from 2-methyl-l, 3-propanediol and 

n-heptanoic acid auid n-nonanoic acid; diesters prepared from 
2-methyl-l, 3-propanediol and n-heptanoic acid and n-decanoic acid; 
diesters prepared from 2-methyl-l , 3-prqpanediol and n-octanoic acid 
and n-nonanoic acid; diesters prepaured from 

30 2-methyl-l, 3-prcpanediol and n-oct£uioic acid and n-decanoic acid; 
diesters of 2-methyl-l, 3-prppanediol with n-nonanoic acid and 
n-de c a n oic acid; etc. 

Preferable examples of diesters prepared using two kinds of 
fatty acids and 1 , 3-butanediol include diesters prepared from 

35 1 , 3-butanediol and n-hept:anoic acid and n-octanoic acid, diesters 



prepared from 1 , 3~butanediol and n-heptanoxc acid and n-nonanoic acxd, 
diesters prepared frcm 1 , 3-butanediol and n-heptanoic acid and 
n-decanolc acid, dles-bers prepaured from 1 , S-butanedlol and 
n-octanolc acid and n-nonanolc acid, diesters prepared from 

1 . 3- butanedlol and n-octanolc acid and n-decanolc acid, and diesters 
of 1 , 3-butanedlol with n-nonanolc add and n-decanolc add. 

Preferable exaioples of diesters using two kinds of fatty acids 
and 2-methyl-l,4-butanedol Indude desters prepared frcm 
2-methyl-l,4-butanedol and n-heptanolc add and n-octanolc acid; 
desters prepaured from 2-methyl-l , 4-butanedol and n-heptanolc acid 
and n-nonanolc add, desters prepared frcm 2-methyl-l , 4-butanedol 
auid n-heptauiolc add and n-decanolc add; desters prepared from 
2-metfayl~lr 4-butanedol and n-octanolc add and n-nonanolc add; 
desters prepared from 2-roethyl-l, 4-butanedol and n-octanolc acid 
and n-d e c an olc acid; and desters prepared from 

2 -methyl-1, 4-butanedol and n-nonanolc acid and n-decanolc add. 

Preferable examples of desters prepaured using two kinds of 
fatty acids and 1 , 4-pentanedol Include desters prepared from 

1.4- pentanedol auid n-heptanolc acid and n-octanolc add; desters 
prepared from 1,4-pentanedol and n-heptanolc acid and n-nonanolc 
add; desters prepared frcm 1,4-pentauiedol and n-heptanolc acid 
and n-decanolc add; desters prepaured from 1 , 4-pentauiedol amd 
n-octauiolc acid auid n-nonanolc add; desters prepaured from 

1 f 4-pentauiedol and n-octanolc add amd n-decamdc add; and desters 
prepaured frcm 1,4-pentauiedol and n-nonamolc add and n-decauiolc 
add. 

Pref eraQ>le examples of desters prepaured using two kinds of 
fatty acids and 2-methyl-l,5-pentanedol Include desters prepared 
frcm 2 -methyl-1, 5-pentamedol amd n-heptanolc add amd n-octamolc 
add; desters prepaured frcm 2 -methyl-1, 5-pentamedol and 
n-heptanolc acid amd n-nonamolc acid; desters prepared frcm 
2-methyl-l,5-pentanedol and n-heptanolc acid amd n-decamolc acid; 
desters prepared from 2 -methyl-1 , 5-pentanedol amd n-octanolc acid 
and n-nonamolc acid; desters prepared from 

2 -methyl-1, 5-pentamedol amd n-octanolc acid amd n-decanolc acid; 



and diesters prepared from 2-inethyl-l , 5-E>entanediol and n-nonanoic 
acid and n-decanoic acid. 

Preferable exaznples of diesters prepaured using two kinds of 
fatty acids and 3-iiiethyl-l , S-pentanediol include diesters prepared 
from 3-methyl-l , 5-pentanediol and, n-heptanoic acid and n^octanoic 
acid; diesters prepared from 3-inethyl-l , 5-pentanediol and 
n-heptanoic acid euid n^onanoic acid; diesters prepared from 
S-methyl-l , S-pentcuiediol and n-heptanoic acid and n-decanoic acid, 
diesters prepared from 3-methyl-l , 5-pentanediol and n-^>ctanoic acid 
and n-nonanoic acid; diesters prepared from 

3-methyl-l , 5-pentanediol and n-octanoic acid and n-^decanoic acid; 
and diesters prepared from 3-methyl-l , 5-pentanediol and n-nonanoic 
acid and n-decanoic acid. 

Preferable examples of diesters prepsured using two kinds of 
fatty acids and 1,5-hexanediol include diesters prepaured from 
1,5-hexanediol and n-heptanoic acid and n-octanoic acid; diesters 
prepued from 1 , 5-hexanediol and n-heptanoic acid and n-nonanoic 
acid; diesters prepared from 1 , 5-hexanediol and n-heptanoic acid and 
n^decanoic acid; diesters prepared from 1 , 5-hexanediol and 
n-octanoic acid and n-nonanoic acid; diesters prepared from 
1 , 5-hexanediol and n-octanoic acid and n-decanoic acid; and diesters 
prepared from 1 , 5-hexanediol and n-nonanoic acid and n-decanoic acid . 

Among the above preferable diesters prepared using two kinds 
of fatty acids, esters prepared using 3-methyl-l,5-^pentanediol axkd 
two kinds of fatty acids selected from C7-C10 saturated aliphatic 
linear monocarboxylic acids are especially preferable. Because of 
their excellent low temperature fluidity, diesters prepaured from 
3-methyl-l, 5-pentanediol andL n-heptanoic acid and n-octanoic acid, 
diesters prepcured from 3-methyl-l , 5-pentanediol and n-heptanoic 
acid and n-nonanoic acid; diesters prepared from 

3 -me thy 1-1, 5-pentanediol and n-heptanoic acid and n-decanoic acid, 
diesters prepared from 3-methyl-l, 5-pentanediol and n-octanoic acid 
and n-nonanoic acid; and diesters prepared from 

3-methyl-l , 5-pentanediol and n-octanoic acid and n-decanoic acid are 
preferable. In view of the excellent heat resistance, diesters 



prepared from 3-inethyl-l , S-pentanediol and n-octanoic acid and 
n-nonanolc acid; diesters prepared frcon 3-xnethyl-l , 5-pentanediol 
cuid n-octanoic acid and n-decanoic acid; and diesters prepared from 
3-niethyl-l , B-pentanediol and n-nonanoic acid and n-^decanoic acid are 
5 preferable. For thermore , diesters prepared from 

3-iiiethyl-l,5-pentanediol and n-octanoic acid and n-nonanoic acid, 
and diesters prepared from 3-methyl-l , S-pentanediol and n-octanoic 
acid and n-decanoic acid are especially preferable because they have 
well-balanced heat resistance and low tenoperature fluidity. 

10 A lubricating oil of the present invention comprises one or 

more of the present esters. 

The total acid nuniber of the present ester is usually 0.1 mg 
KDH/g or less , and preferably 0 . 05 mg KOH/g or less . If the total 
acid number is 0 . 1 mg KOH/g or less , the ester eadiibits well-balanced 

15 heat resistance and lubricating ability. It is possible to control 
the total acid ntmiber by neutralization. 

The hydroxyl value of the present ester is usually 5 mg KOH/g 
or less, preferably 3 mg KOH/g or less, and more preferably 1 mg KOH/g 
or less. If the hydroxyl value is 5 mg KOH/g or less, the heat 

20 resistance is improved. It is possible to control the hydroxyl VeU.ue 
by satisfactorily reducing az^ residual hydrosQf groves during the 
reaction . 

The sulfated ash content in the present ester is preferably 
30 ppm or less , and more preferably 10 ppm or less . If the sulfated 

25 ash content is 30 ppm or less, the heat resistance is improved. When 
acids and/or alcohols containing a low sulfated ash content (e.g., 
30 ppm or less) are used as the starting materials for the present 
ester, and a metal catalyst is used as the catalyst, the sulfated 
ash content can be controlled by satisfactorily removing the catalyst 

30 and organometallic compounds derived from the catalyst by 

neutralization, washing with water , auid purification by adsorption. 

The iodine value of the present ester is usually 1 or less, 
preferably 0 . 5 or less , and more preferably 0. 1 or less . If the iodine 
veULue is 1 or less, the heat resistcoice is ixcproved. The iodine value 

35 can be controlled by using acids and/or alcohols having a small iodine 
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value (e.g. , 0.3 or less) . It is also possible to control the iodine 
value by reducing (hydrogenating) purified esters having an iodine 
v£j.ue of 1 or more. 

Among the present esters, those having a molecular weight of 
5 320-400, and preferably 330-380, sure reconnmended because of their 
low kinematic viscosity at 0*^C euid excellent heat resistance. 
Among the present esters, those having a pour point, as defined by 
JIS-K-2269, of -20''C or less are preferable. To be suitable for use 
at low temperatures, the esters more preferably have a pour point 

10 of -30 ""C or less, and most preferably -40^C or less. 

Preferable among the present esters are those having a 
viscosi^ index as defined by i7IS-K-2283 of 150 or more, more 
preferably 160 or more, and still more preferably 170 or more . Those 
esters having a viscosity index of 150 or more have a low viscosity 

15 over a wide temperature range and excellent heat resistance. 

<Amount of the present ester used> 

The amount of the present ester used may be selected from a 
wide range, and is preferably 99.99 to 95 wt%, and more preferably 
20 99 . 9 to 98 wt% , of the lubricating oil for beeirings of the present 
invention, i.e. , of the total amount of component (a) and component 
(b) . 

Component (b) : phenol -based antioxidant and amine-based antioxidant 
25 <Phenol -based antioxidant> 

Various known antioxidants used in the art can be used without 

limitation as phenol -based antioxidants of the present invention. 

Among these phenol-based auitioxidants , those containing no sulfur 

atoms in the molecule and having 6 to 100 carbon atoms, preferably 
30 10 to 80 carbon atoms, are preferred. 

Specific examples include 2 , 6-di-t-butyl phenol, 

2 , 6-di-t-butyl-p-cresol ,4,4' -methylenebis (2 , 6-di-t-butylphenol) , 

4,4' -but^lidenebis (3-methyl-6-t-butylphenol) , 

2,2' -methylenebis (4-ethyl-6-t-butylphenol) , 
35 2,2' -methylenebis ( 4-methyl-6 - t-butylphenol) , 



-21- 



4,4' -±sopropylideneb±sphenol , 2 , 4-dimethyl-6-t-butylphenol , 
tetrakis [methylene-3- (3 , 5-di-t-butyl-4-hydroxyphenyl) propionate] 
methane , 1,1, 3-tris (2-inethyl-4-hydroxy-5 -t-butylphenyl) butane , 
1,3, 5-tri2nethyl-2 , 4 , 6-tris (3 , 5-di-t-butyl-4-hydro3^benzyl) - 
5 benzene , 

2,2' -dihydroxy-3 , 3' -dx (a-methylcyclohea^l) -5,5' -dimethyl- 
diphenylxnethane , 2,2' -isobutylidenebis ( 4 , 6-dimethylphenol) , 
2 , 6-bis (2' -hydroxy-3' -t-imtyl-5' -methylbenzyl) -4-tnethylphenol, 
1,1'- bis (4-hydro3r^henyl) cydohexane, 2 , S-dl-t-amylhydroquinone, 
10 2 , 5-di - t-butylhydroqulnone , 1 , 4-dihydroaryanthraqa±none , 
3-t-butyl-4-hydroxyanxsole , 2 -t<-bui7l-4-hydro3gran±sol,e , 
2 , 4 -dibenzoylresorclnol , 4 - t-butylcatechol , 

2 , 6-di - t-butyl-4-ethylphenol , 2-hydro3Qr~4-xnetho3Q^3enzophenone , 
2 , 4-dlhydro3gfbenzophenone , 2,2' -dihydroxy-4-iiiethoxybenzGphenone , 
15 2,4, 5-trxhydroacybenzpphenone , a- tocopherol , 

bis [2- (2-hydroacy-5-inethyl-3-t-butylbenzyl) -4-inethyl-6-t- 
bu'fylphenyl] terephthalate , 

triethyleneglycol-bis [3- (3-t-butyl-5-inethyl-4-hydro3^phenyl- 
prppionate] , 

20 1 , 6-hexanediol-bis [3- (3 , 5-di-t-butyl-4-hydroxyphenyl) propionate] , 
etc. 

Among these, 2,6-di-t-butylphenol, 2,6-di-t-butyl-p-cresol, 

4,4' -methylenebis (2 , 6-di-t-butylphenol) , 

4,4' -butylidenebis (S-methyl-e-t-butylphenol) , 
25 2,2' -methylenebis (4-ethyl-6-t-butylphenol) , 

2,2' -inethylenebis (4-iiiethyl-6-t-butylphenol) , 

4,4' -isopropylidenebisphenol , 2 , 4-diinethyl-6- t-butylphenol , 

tetralcis [xiiethylene-3- (3 , 5-di-t-butyl-4-hydro3^phenyl) - 

propionate ] methane , 
30 1,1, 3-tris (2-methyl-4-hydroxy-5-t-butylphenyl)butane, 

1,3, 5-trimethyl-2 , 4 , 6-tris (3 , 5-di-t-butyl-4-hydrox^Denzyl) - 

iDenzene , 2 , 6-di- t-butyl-4-ethylphenol , 

bis [2- (2-hydroxy-5-methyl-3-t-butylbenzyl) -4-methyl-6-t- 
butylphenyl ] terephthalate , 
35 triethyleneglycol-bis [ 3- ( 3 - t-butyl-5-methyl-4-hydroxyphenyl- 



propionate] , cuid 

1 , 6-hexaned±ol-bis [3- (3 , 5 -di-t -butyl- 4 -hydroa^phenyl) propionate] 
are preferable, and 2 , 6-di-t-*utyl-p-cresol, 
4,4' -methylenebis (2 , 6-di-t-butylphenol) , and 
5 2 , 6-di-t-butyl-4-ethylplienol cure most preferable. 

Such plienol-based antioxidants may l3e used singly or in 
combination of two or more, and the amount is usually 0.01 to 5 wt%, 
and preferably 0.1 to 2 wt%, of the lubricating oil for Isearings, 
i.e. , of the total amount of cconponent (a) and component (b) . 

10 

<Amine-]dased antioxidant> 

As the amine-l>ased antioxidant of the present invention, i't 
is possible to use various Icnown antioxidants used in the art without 
limitation . Among such amine-l>ased antioxidants , those containing 

15 no sulfur atoms in the molecule and, having 6 to 60 caurbon atoms , and 
preferably 10 to 40 Ccurbon atoms, are preferred. 

Specific examples include diphenylamines such as 
diphenylamine, monobutyl (including linear and branched) 
diphenylamines, monopentyl (dLncluding linear and branched) 

20 diphenylamines, monoheacyl (including linear and branched) 
diphenylamines, monohep^l (including linear and. branched) 
diphenylamines, monooctyl (including linear and branched) 
diphenylamines and lilce monoaiUcyl diphenylamines, in particular, 
mono (C4-C9 allc/1) diphenylamines (i.e., diphenylamines i«herein one 

25 of the two benzene rings is mono-substituted with an allcyl group, 
in particular, a C4-C9 allcyl group, i.e., a monoallcyl-substituted 
diphenylamines) ; p,.p ^-dibutyl (including linear and branched) 
diphenylamines, p,p '-dipentyl (including linear euid branched) 
diphenylamines, p^p ^-dihexyl (including lineeu: and branched) 

30 diphenylamines, p,p '-diheptyl (including linear and branched) 
diphenylamines, p,p ''-dioctyl (including linear and brauiched) 
diphenylamines, p,p '-dinonyl (including linear and branched) 
diphenylamines and li]ce di (alky Iphenyl) amines, in paurticular, 
p,p ^-di (C4-C9 alky Iphenyl) amines (i.e., dial Icy 1 substituted 

25 diphenylamines wherein each of the benzene rings is mono-substituted 



with an aaJcyl groi^, in particular, a C4-C9 alkyl group, and the two 
alkyl groups are identical) ; di (mono C4-C9 alkylphenyl) amines wherein 
the alkyl grotip on one of the benzene rings is different from the 
alkyl group on the other of the benzene rings; di(di-C4-C9 
alkylphenyl) amines wherein at least one of the fotir alkyl groups of 
the two benzene rings is different from the rest of the allc^l groups ; 
naphthylamines such as N-phenyl-l-naphthylamine, 
N-phenyl-2-naphthylamine , 4-octylphenyl-l-n^hthylamine, 
4-octylphenyl-2-n^hthylamine and the like; phenylenediamines such 
as p-phenylenediamine, If-phenyl-N^-isopropyl-p-phenylenediamine, 
N^henyl-l/^-(l,3-dimethylbul7rl)-p^henylenediamine and the like. 
Among these, p,.p ^-^oc^l (including linear and branched) 
diphenylamine, p^p "^-dinonyl (including linear and branched) 
diphenylamine, and N-i>henyl-l-naphthylamine are preferable. 

Note that in the present specification, (including linear and 
branched'^ means including either or both of linear alkyl and branched 
alkyl. 

Amine-based antioxidants may be used singly or in ccmbination 
of two or more . The amount of the amine-based antioxidant is usually 
0.01 to 5 wt%, and preferably 0.1 to 2 wt%, of the lubricating oil 
for bearings , i.e., of the total amount of component (a) and component 
(b) . 

<Cosiibination of phenol -based antioxidant and amine-based 
an tioxida n t> 

One or more phenol-based antioxidants and one or more 
amine-based antioxidants of the present invention may be used in 
cosnbination . 

The ratio of phenol-based antioxidant (s) to amine-based 
antioxidant (s) Ccui be suitably selected from a wide range, and the 
weight ratio of the phenol-based auitioxidant (I) to the amine-based 
antioxidant (II) is preferably I : II = 1 : 0.05 to 20, and more 
preferably 1 : 0.2 to 5. 

Exanples of preferable combinations include one or more 
meinbers selected from the groxxp consisting of 



-24- 



2 , 6-di-t-butyl-p-cresol ,4,4' -methylenebis (2 , 6-di-t^utylphenol) , 
and 2,6-di-t-biityl-4-ethylphenol with one or more members selected 
from the group consls-ting of p,p '-dioctyl (Including linear and 
branched) dlphenylamlne , p,p ''-dlnonyl (Including linear and 
5 brcuiched) dlphenylamlne and N-phenyl-l-naphthylamlne . 

Specifically, the following combinations are preferable: 

• 2,6-dl-t-butyl-p-cresol + p,,p '-dloctyl (Including linear axid, 
branched) dlphenylamlne , 

• 2,6-dl-t-butyl-p-cresol + p,p '-dlnonyl (Including linear and 
10 branched) dlphenylamlne , 

• 2 , 6-dl - t-butyl-p-cresol + N-phenyl-l-naphthylamlne , 
•4,4' -methylenebls (2 , 6-dl - t-butylphenol) + p,p ''-dloctyl 
(Including linear and branched) dlphenylamlne, 

•4,4' -methylenebls (2 , 6-dl - t-butylphenol) + p,p '-dlnonyl 
15 (Including llneau: and branched) dlphenylamlne, 
•4,4' -methylenebls (2 , 6-dl -t-butylphenol) + 
N-^henyl-l-naphthylamlne , 

• 2,6-dl-t-butyl-4-ethylphenol + p,p'-dloctyl (Including IdLneaur 
and brauiched) dlphenylamlne, 

20 • 2,6-dl-t-butyl-4-ethylphenol + p,p '-dlnonyl (Including linear 
and branched) dlphenylamlne, 

• 2 , 6-dl - t-butyl-4-ethylphenol + N-phenyl-1 -naphthylamlne , etc . 

Among these, the following ccnoblnatlons are reccmmended as 
more effective camblnatlons because of their excellent heat: 
25 resistance : 

•4,4' -methylenebls (2 , 6-dl - t-butylphenol) + p , p' -dloctyl (Including 
linear and branched) dlphenylamlne, 

'4,4' -methylenebls (2 , 6-dl - t-butylphenol) + p , p' -dlnonyl (Including 

linear and branched) dlphenylamlne, 
30 •4,4' -methylenebls (2 , 6-dl - t-butylphenol) + 

N-phenyl-l-naphthylamine , etc . 

The total amount of phenol -based antioxidant and amine-based 

antioxidant is usually 0 . 01 to 5 wt% , and preferably 0 . 1 to 2 wt% , 

of the lubricating oil for bearings , i.e., of the total amount of 
35 component (a) and component (b) . 
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Coaig)onent: (c) : phosphorus -based compound and aliphatic linecuc 
monocarboxylic acid 

The lubricating ability of the lubricating oil £or bearings 
5 o£ the present invention c€ui, i£ necessary, be further izoproved by- 
adding at least one member selected from the group consisting of 
phosphorus-based cosopounds and aliphatic linear monocarboxylic 
acids. 

<Phosphorus-based caiqpound> 
10 Various known phosphorus-based compounds used in this field 

can be used as phosphorus-based compounds , and those containing no 
sulfur atoms in the molecule and having 12 to 70 carbon atoms, 
particularly 12 to 50 carbon atoms, sure preferable. 

Specific examples include phosphoric acid triesters and 
15 phosphorous acid triesters. 

Examples of phosphoric acid triesters include tributyl 
(including IdLnear and branched) pho^hate, trih^tyl (including 
linear and branched) phosphate, trioctyl (including lineau: and 
bramched) phosphate, trinonyl (including linear and branched) 
20 phosphate, tridecyl (including linear and branched) phosphate, 
triundecyl (including linear and branched) phosphate, tridodecyl 
(including linear and branched) phosphate, tri tridecyl (including 
linear and branched) phosphate, tritetradecyl (including linear and 
branched) phosphate, tripentadecyl (including linear and branched) 
25 phosphate, trihexadecyl (including linear and breuxched) phosphate, 
triheptadecyl (including lineau: and branched) phosphate, 
trioctadecyl (including lineeu: and branched) phosphates and like 
tri (linear or branched C^-C^e alkyl) phosphates; tricyclohexyl 
phosphate, tricyclopentyl phosphate and like tri(C4-C8 
30 cycloalkyl) phosphates; triphenyl phosphate, tricresylphosphate , 
trixylenyl phosphate, cresyldiphenyl phosphate, xylenyldiphenyl 
phosphate , tr is ( tribromophenyl ) phosphate , 
tris (dibromophenyl) phosphate , tris (2 , 4-di-t-butylphenyl) 
phosphate, tri (nonylphenyl) phosphate and like triarylphosphates , in 
35 pcurticular, tri (unsubstituted or stabstituted phenyl) phosphates 



( Slabs titu ted phenyl groi:^ is substituted with 1 to 3 substituents 
selected from the groi:^ consisting of Cx-C^o alkyl, halogen atom (in 
particular, bromine) and hydroxy groi:^. One or two of the three 
phenyl groijqps may be unstibstituted and the rest may be substituted) . 

Examples of phosphorous acid triesters include tributyl 
(including lineeu: and brauiched) phosphite, triheptyl (inclizding 
linear and branched) phosphite, trioctyl (including linear and 
breuiched) phos^ite, trinonyl (including lineeu: and branched) 
phosphite, tridecyl (including linear and branched) phosphite, 
triundecyl (including linear and branched) phosphite, tridodecyl 
(including lineeu: and branched) phosphite, tritridecyl (including 
lineau: £uid branched) pho^hite, tritetradecyl (including linear and 
bramched) pho^hite, tripentadecyl (including linear and branched) 
phosphite, trihexauieGyl (including linear and branched) phosphite, 
triheptadecyl (including linear and branched) phosphite, 
trioctadecyl (including linear and branched) phosphite and like 
tri (linear or branched C4-C18 alkyl) phosphites; and tricyclohea^l 
phosphite , tricyclopentyl phosphite and like tri (C4-C8 cycloaUJcyl) 
phosphites; and triphenyl phosphite, tricresyl phosphite, 
trixylenyl phosphite, cresyldiphenyl phosphite, a^lenyldiph^yl 
phosphite, tris (tribromqphenyl) phosphite, tris (dibromophenyl) 
phosphite, tris (2,4-di-t-but7lphenyl) phosphite, tri (nonylphenyl) 
pho^hite and like triaryl phosphites, in particular 
tri (unsubstitutedor substituted phenyl) phosphites (the substituted 
phenyl group is substituted with 1 to 3 substituents selected from 
the group consisting of Ci-Cio alkyl, halogen atom (in pcurticular, 
bromine) and hydroxy group. One or two of the three phenyl gro\^>s 
may be unsubstituted and the rest may be substituted) ; etc. 

Among these, especially preferable examples are tri(n-butyl) 
phosphate, triisdbutyl phosphate, tri (sec-butyl) phosphate, 
tri (n-heptyl) phosphate, triisoheptyl phosphate, tri(n-octyl) 
phosphate, triisooctyl phosphate, tri (n-nonyl) phosphate, 
triisononyl phosphate, tri(n-decyl) phosphate, triisodecyl 
phosphate, tri (n-dodecyl) phosphate, tri (22-tetradecyl) phosphate, 
tri (n-hexadecyl) phosphate, tri (n-octadecyl) phosphate and like 
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trialkyl phosphates, particularly tri (linear or branched C4-C18 
alkyl) phosphate; tricyclohexyl phosphate , tricyclqpentyl phosphate 
and like tri(C4-C8 cycloalkyl) phosphates; triphenyl phosphate, 
tricresyl phosphate, trixylenyl phosphate , cresyldiphenyl phosphate, 
5 sry'lenyldiphenyl phosphate, tris (tribrcmophenyl) phosphate, 
tris (dibromophenyl) phosphate, tris (2,4-di-t-butylphenyl} 
phosphate, tri (nonylphenyl) phosphate and like triaryl phosphates, 
in particular tri (unsubstituted or substituted phenyl) phosphates 
(the substituted phenyl grovqp is substituted with 1 to 3 substituents 

10 selected from the group consisting of C^-C^o alkyl, halogen atom (in 
paurticular, bromine) and hydroxy group. One or two of the three 
phenyl groups may be unsubstituted and the rest may be substituted) , 
and tri (n-octyl) pho^hate, triphenyl phosphate, tricresyl 
phosphate cure most preferable. 

15 Phosphoric acid esters may be used singly or in combination 

of two or more, and the amount is usually 0.1 to 10 parts by weight, 
and preferably 0 . 5 to 5 parts by weight, based on 100 parts by weight 
of the lubricating oil for beeurings (i.e. , component (a) + component 
(b)) . 

20 Phosphorous acid esters may be used singly or in ccsnbination 

of two or more, and the amount is usually 0.1 to 10 parts by weight, 
and preferably 0 . 5 to 5 parts by weight, based on 100 parts by weight 
of the lubricating oil for bearings (i.e. , component (a) -1- component 
(b)) . 

25 Usable phosphorus-based compoixnds also include acid 

phosphates and acid phosphites. Specifically, dibutyl (including 
lineeu: and branched) phosphate, diheptyl (including linear and 
branched) phosphate, dioctyl (including linear and branched) 
phosphate, dinonyl (including linear and branched) phosphate, 

30 didecyl (including linear and branched) phosphate, ditmdecyl 

(including lineau: and branched) phosphate, didodecyl (including 
linear and branched) phosphate, ditridecyl (including linear and 
branched) phosphate, ditetradecyl (including linear and branched) 
phosphate, dipentadecyl (including linear and branched) phosphate, 

35 dihexadecyl (including linear and branched) phosphate, diheptadecyl 
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( including linear and branched) phosphate, dioctadecyl (including 
linear and branched) phosphate and like diallcylphosphates , in 
particular di(lineeu: or breuiched C4-C18 alkyl) phosphate; 
dicyclohexyl phosphate, dicydopent^l phosphate and like di(C4-C8 
5 cycloalkyl) phosphates; diphenyl phosphate, dicresyl phosphate, 
disqflenyl phosphate, cresylphenyl phosphate, xylenylphenyl 
phosphate, bis (tribrcmophenyl) phosphate, bis (dibrosnqphenyl) 
phosphate, bis (2,4-di-'t-butylphenyl) phosphate, di (nonylphenyl) 
pho^hate and like diarylphosphates , in particular di (unsubs1:ituted 

10 or subst:ituted phenyl) phosphates (the substituted phenyl group is 
stibstituted with 1 to 3 substituent;s selected frooi the group 
consisting o£ C^-C^o alkyl, halogen atom (dLn particular, bromine) and 
hydrosQT group. One of the two phenyl groups may be unsubstiituted 
and the other may be substituted) ; di butyl (including linear and 

15 branched) phosphite , ' dih^tyl (including linear and branched) 
phosphite, dioctyl (including linear and branched) phosphite, 
dinonyl (including linear and branched) phosphite, didecyl 
(including linear and branched) phosphite, diimdecyl (including 
linear and branched) phosphite, didodecyl (including linear and 

20 branched) phosphite, ditridecyl (including linear and branched) 
phosphite, ditetradecyl (including linear and branched) phosphite, 
dipenta d ecyl (including lineau: wd branched) phosphite, dihexadecyl 
(including lineau: and branched) phosphite, diheptadecyl (including 
linear and branched) phosphite, dioctadecyl (including linear and 

25 branched) phosphite and like dialkyl phosphites, in particular 
di (linear or branched C^-Cxs alkyl) phosphites; dicyclohexyl 
phosphite, dicyclqpentyl phosphite and like di(C4-C8 cycloalkyl) 
phosphites; diphenyl phosphite, dicresyl phosphite, dixylenyl 
phosphite, cresylphenyl phosphite, xylenylphenyl phosphite, 

30 bis (tribrcmophenyl) phosphite, bis (dibromqphenyl) phosphite, 

bis (2,4-di-t-butylphenyl) phosphite, dinonylphenyl phosphite cmd 
like diaryl phosphites , in particular di (unsubs-bituted or 
sxsbstituted phenyl) phosphites (substituted phenyl group is 
substituted with 1 to 3 s\ibstituents selected £rom the groi:^ 

35 consisting of C^-Cio all^l, halogen atom (in particular, bromine) and 



hydroxy group. One of the two phenyl groins may be unstjbstxtuted 
and the other may be sxibstxtuted) , etc. 

Among these ^ dl(n-^utyl) pho^hate, dilsobutyl phosphate, 
di (sec-butyl) phosphate, dicyclohesgfl phosphate, di (n-hep'fyl) 
pho^hate, diisoheptyl phosphate, di(n^octyl) pho^hate, diisooc^l 
phosphate, dl(n-nonyl) phosphate, dixsononyl phosphate, di(n-decyl) 
phosphate, d±±sodecyl phosphate, di (n-dodecyl) phosphate, 
di (n-tetradecyl) phosphate, di(2i-hexadecyl) phosphate, 
di (n-octadecyl) phosphate and like dialkyl phosphates, diphenyl 
phosphate, dicresyl phosphate, di^q^lenyl phosphate, czesylphenyl 
phosphate, xylenylphenyl phosphate , bis (tribrosnpphenyl) phosphate, 
bis (dibromophenyl) phosphate , bis (2 , 4-di - t-butylphenyl) 
phosphate, dinonylphenyl phosphate and like diaryl phosphates are 
preferable; and di(n-oc^l) phosphate, diphenyl phosphate, and 
dicresyl phosphate are most preferable. 

Acid phosphates may be used singly or in combination of two 
or more, and the amount is usually 0.01 to 3 peurts by weight, and 
preferably 0.05 to 1 part by weight, based on 100 parts by weight 
of the Itibricating oil for bearings (i.e., component (a) + 
component (b) ) . 

Acid phosphites may be used singly or in ccmbination of two 
or more, and the amount is usually 0.01 to 3 parts by weight, and 
preferably 0.05 to 1 part by weight, based on 100 parts by weight 
of lubricating oil for bearings (i.e., component (a) + component 
(b)) . 

<Aliphatic linear monocarboxylic acid> 

Examples of aliphatic linear monocarbosq^lic acids include 
those having 12 to 22 carbon atoms , cuid preferably those having 14 
to 18 carbon atoms. Specif iCcU.ly, exainples cure n-dodecanoic acid, 
n-tridecanoic acid, n-tetradecanoic acid, n-pentadecanoic acid, 
n-hexadecanoic acid, n-h^tadecanoic acid, n-octadecanoic acid, 
n-nonadecanoic acid, n-icosanoic acid, n-docosanoic acid, oleic acid, 
etc. Among these, n-tetradecanoic acid, n-hexadecanoic acid, and 
n-octadecanoic acid are especially preferable. Such aliphatic 
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linear monocarboxylic acids may be used singly or in cambinat:ion of 
two or more , and the amotmt is usually 0.01 to 5 parts by weight and 
preferably 0 . 05 to 2 parts by weighty based on 100 parts by weight 
of the liabricating oil for bearings (i.e., ccanponent (a) + component 
(b)) . 

<Cainbination of a phosphorus-based cosqpound emd cm aliphatic linear 
monocarboxylic acid> 

One or more phosphorus-based compounds and one or more 
aLLiphatic linear monocarboxylic acids of the present invention may 
be used in combination. 

The ratio of the phosphorus-based co8Dpound(s) to aliphatic 
linear monocarboxylic acid(s) can be suitably selected from a wide 
range , and the weight ratio of the phosphorus-based ccmpound (s) (III) 
to aliphatic linear monoccU±>oxylic acid(s) (IV) is preferably III : 
IV = 1 : 0.005 to 0.2, and more preferably 1 : 0.01 to 0.1. 

Examples of preferable conibinations include conibinations of 
at lecist one misniber selected from the group consisting of tri (n-octyl) 
phosphate, triphenyl phosphate and tricresyl phosphate, with one 
or more members selected from the group consisting of n-tetradecanoic 
acid, n-hexadecanoic acid and n-octadecanoic acid. 

For e xamp le, the following conibinations are preferable: 

• tri (n-octyl) phosphate + n-tetradecanoic acid 

• tri (n-octyl) phosphate + n-hexadecanoic acid, 

• tri (n-octyl) phosphate + n-octadecanoic acid, 

• triphenyl phosphate + n-tetradecanoic acid, 

• triphenyl phosphate + n-hexadecanoic acid, 

• triphenyl phosphate + n-octadecanoic acid, 

• tricresylphosphate + n-tetradecanoic acid, 

• tricresylphosphate + n-hexadecanoic acid, 
'tricresylphosphate + n-octadeccuioic acid, etc. 

Among these, e x a mp les of especially preferable combinations 
having well-balanced heat resistance and lubricating ability are as 
follows : 

• tricresyl phosphate -f n-tetradecanoic acid. 



• tricresyl phosphate + n-hexadecanolc acid, 
•tricresyl phosphate + n-octadecanoic acid, etc. 

The total amount of phosphorus-based conqpound cuid cU.iphatic 
linear monocarboxylic acid is usually 0.11 to 15 parts by weight, 
and preferably 0 . 55 to 7 parts by weight, based on 100 p>arts by weight 
of the lubricating oil for bearings (i.e., conponent (a) -f 
cosDponent (b) ) . 

Component (d) : benzotriazole-based compounds and gallic acid-based 
compounds 

If desired, the metal compatibility of the lubricating oil for 
bearings of the present invention can be further improved by adding 
at least one member selected froia the grovqp consisting of 
benzotriazole-based compounds and gallic acid-based compounds. 
<Benzotriazole-based compo\inds> 

Various benzotriazole-based compotmds used in the art can be 
employed without limitation. Among such benzotriazole-based 
conpoTinds , those containing no sulfur atoms in the molecule and having 
6 to 60 carbon atoms, and especially 6 to 40 carbon atoms, sure 
preferable . 

S|>ecific examples thereof are benzotriazole , 
5-methyl-lH-benzotriazole , l-dioctylaminomethylbenzotriazole , 

1- dioctylaminomethyl-S-iiiethylbenzotriazole , 

2- (5' -^thyl-2 ' -hydros^enyl) benzotriazole , 2- [2 ' -hydroa^-3 ' , 5 ' - 
bis (a, a-dimethylbenzyl) phenyl] -2H-benzotriazole, 

2- (3' ,5' -di-t-butyl-2' -hydros^henyl) benzotriazole, 

2- (3' -t-butyl-5' -methyl-2' -hydroacyphenyl) -5-chlorobenzotriazole, 

2- (3' ,5' -di-t-butyl-2' -hydroa^phenyl) -5-chlorobenzotriazole, 

2- (3' ,5' -di-t-amyl-2' -hydroxyphenyl) benzotriazole, 

2- (5' -t-butyl-2' -hydroxyphenyl) benzotriazole, 

2- (2 ' -hydro3^-5 ' -methylphenyl) benzotriazole , 

2 - (2 ' -hydroxy-5 ' - t-ocl^lphenyl ) benzotriazole , 

2- [2' -hydroxy-3' - (3" , 4"-5" , 6" tetrahydrqphthalidemethyl) -5' - 
methylphenyl] benzotriazole, etc. Benzotriazole and 
S-methyl-lH-benzotriazole are especially preferable among these. 



Such benzotrlazole-based compoxinds may be used singly or ±n 
comblnat^ion of two or more , and. the amount is usually 0.01 to 0.4 
parts by weight, and preferably 0.01 to 0.2 pcurts by weight, based 
on 100 parts by weight of the lubricating oil for bearings (i.e. ^ 
component (a) + component (b) ) . 

<Gallic acid-based cozipounds> 

E xamp les of gallic acid-based compounds include those having 
7 to 30 carbon atoms , and preferably 8 to 20 carbon atoms . Specific 
examples include gallic acid, methyl gallate, ethyl gaaiate, propyl 
(including linear and branched) gallate, butyl (including lineair and 
branched) gallate, pentyl (including linear and branched) gallate, 
hexyl (including lineau: and branched) gallate, heptyl (including 
linear and branched) geaiate, octyl (including linear and branched) 
gaa.late, nonyl (including lineau: and branched) gallate, dec^l 
(including linear and branched) gallate, undecyl (including linear 
and branched) gallate, dodecyl (including lineeur and branched) 
geU.late, tridecyl (including linear and branched) gallate, 
tetradecyl (including linear and branched) gallate, pentadecyl 
(including linear and branched) gallate, hexadecyl (including linear 
and branched) gallate, heptadecyl (including linear and branched) 
gcd.late, octadecyl (including linear and branched) gallate, 
nonadecyl (including linear and branched) gallate, ioosyl (including 
linear and branched) gallate, docosyl (including linear and branched) 
gallate and like linear or bramched C1-C22 alkyl esters of gallic acid; 
and cyclohexyl gallate, cyclqpentyl gallate and like C4-C8 cydoalkyl 
esters of gallic acid. Among these, (n-propyl) gallate, (n-octyl) 
gallate, (n-dodecyl) gaaiate and like linear or branched C3-C12 alkyl 
esters of gaJ.lic acid are preferable. 

The gallic acid-based compounds may be used singly or in 
combination of two or more, and the amount is usually 0.001 to 0.2 
paurts by weight, and preferably 0 . 005 to 0 . 05 parts by weight, based 
on 100 parts by weight of the lubricating oil for bearings (i.e., 
component (a) -h component (b) ) . 
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<Coziibxnat:xon of a benzotriazole-based compound and a gallic 
acid-based con^>ound> 

One or more benzctriazole-based coii^x>unds cmd one or more 
gallic acid-based compounds of the present: invention may be used in 
combination . 

The ratio of benzotriazole-based coiipound(s) to gallic 
acid-based cGinpound(s) can be suitably selected from a wide remge 
without limitation, and the weight ratio of the benzotriazole-based 
compound (s) (V) to the gallic acid-based compound (s) (VI) is 
preferably, V : VI = 1 : 0.05 to 0.5, and more preferably 1 : 0.1 
to 0.3, 

Examples of preferable conibinations are as follows: 

* benzotriazole + (n-propyl) gallate, 
- benzotriazole + (n-octyl) gallate, 
"benzotriazole + (n-dodecyl) gallate, 

• 5-methyl-lH-benzotriazolebenzotriazole + (n-propyl) geO-late, 

• 5-methyl-lH-benzotriazole + (n-octyl) geillate, 

* 5-methyl-lH-benzotriazole + (n-dodecyl) gallate, etc. 

The amount is usually 0.011 to 0.6 parts by weight, and 
preferably 0 . 015 to 0 . 25 parts by weight, based on 100 parts by weight 
of the lubricating oil for bearings (i.e., component (a) + 
component (b) ) . 

Additionally usable base oils 

As long as the performance is not impaired, the lubricating 
oil for beeurings of the present invention may additionally contain 
one or more other lubricating base oils (hereunder referred to as 
^^additional base oil'O / i.e. , one or more members selected from the 
groiip consisting of mineral oils (hydrocarbon oils obtained by 
purification of petroleum) , poly-a-olef ins , polybutenes , 
alkylbenzenes , alkylnaphthalenes , iscmerized oils of synthetic 
hydrocarbons obtained by a Fischer-Tropsch method and like synthetic 
hydrocarbon oils, animal cuid vegetable oils, organic acid esters, 
polyalkylene glycols, polyvinyl ethers, polyphenyl ethers, and 
alkylphenyl ethers. 
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Exaxnples o£ mineral oils include solvent-refined mineral oils, 
mineral oils -treated by hydrogenation , wax iscmerized oil, and usable 
are those having a kinematic viscosity in the range of usually 1 . 0 
to 15 mmVs, and preferably 2.0 to 10.0 mmVs, at 100 

Elxanples of poly-a-olef ins include polymers or copolymers of 
a-olefins having 2 to 16 carbon atoms (for example, ethylene, 
propylene, 1-butene, 1-hexene, 1-octene, 1-decene, 1-dodeoene, 
1-tetradecene , 1-hexadecene, etc.) and having a kinematic viscosity 
of 1.0 to 15 mmVs at 100**C, and a viscosity index of 100 or more, 
and in psurticular, a kinematic viscosity of 1.5-10.0 mmVs at 100 **C 
and a viscosity index of 120 or more. 

Examples of polybutenes include those obtained by polymerizing 
isobutylene, or obtained by copolymerizing isobutylene with normal 
butylene , etc . , and those having a kinematic viscosity of 2 . 0-40 nm^/s 
at 100 ""C are generaO^ly usable. 

Exainples of allqrlbenzenes include monoalkylbenzenes , 
dialkylbenzenes, tric^kylbenzenes , tetraallcylbenzenes , etc., with 
a molecular weight of 200-450 and substituted with C1-C40 linear or 
bramched aOl^l group (s) . 

Examples of alkylnc^hthalenes include monoalkylnaphthalenes , 
diaUcf Inaphthalenes , etc . , substituted with C1-C30 linear or branched 
alkyl grot:Ep(s) . 

Examples of animal and vegetable oils include beef tallow, lard, 
palm oil, coconut oil, ra^seedoil, castor oil, sunflower oil, etc. 

Examples of organic acid esters, other than the present ester, 
include fatty acid monoesters, aliphatic dibasic acid diesters, 
polyol esters and other esters. 

Examples of f att^ acid monoesters include esters of a C5-C22 
aliphatic linear or branched monoca rboacylic acid and a C3-C22 linear 
or branched saturated or unsaturated aliphatic aLlcohol. 

Examples of aliphatic dibasic acid diesters include esters of 
a C3-C22 linear or branched saturated or unsaturated aliphatic alcohol 
with an aliphatic dibasic acid such as oxalic acid, malonic acid, 
succinic acid, glu tar ic acid, adipicacid, pimelic acid, suberic acid, 
azelaic acid, sebacic acid, 1 , 9-nonamethylenedicarbo^lic acid. 
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1 , lO-decamethylenedicarboxYlic acid and the like or an anhydride 
thereof. 

For polyolesters , It is possible to use esters of a neopentyl 
polyol such as neopentyl glycol, trimethylolprcpcuie , 
• 5 pentaerythritol, ditriznethylolpropane or dipentaerythritol with a 

C3-C22 linear or branched saturated or unsaturated fatty acid. 

Examples of other esters include esters of a polymerized fatty 
acid such as dimer acids, hydrogenated dimer acids or the like with 
a C3-C22 lineau: or branched saturated or unsaturated aliphatic 
10 alcohols . 

E3camples of polyalkylene glycols include a polymer prepared 
from an alcohol and one or more C2-C4 linear or branched alkylene oxides 
by ring-opening polymerization . Examples of alkylene oxides include 
ethylene oxide, propylene oxide, and butylene oxides; and it is 

15 possible to use polymers prepared from one of these, or copolymers 
prepared from a mixture of two or more of these . It is also possible 
to use such compounds wherein the hydroxy group (s) at one or both 
ends are etherified or esterified. The kinematic viscosity of the 
polymer is usually 5 . 0-1000 mm^/s (40**C) , and preferably 5 . 0-500 nm^/s 

20 (40^*0 . 

Polyvinyl ethers are compounds obtained by polymerizing a 
vinyl ether monomer, such as methyl vinyl ether, ethyl vinyl ether, 
isopropyl vinyl ether, n-butyl vinyl ether, isdbutyl vinyl ether, 
sec-butyl vinyl ether, tert-butyl vinyl ether, 22-pentyl vinyl ether, 

25 n-hexyl vinyl ether, 2^methoxyethyl vinyl ether, 2-ethoxyethyl vinyl 
ether, etc. The kinematic viscosity of the polymer is usually 
5.0-1000 mmVs (40**C) , and preferably 5.0-500 mmVs (40^*0 . 

Examples of polyphenyl ethers include compounds having a 
structure wherein the meta positions of two or more auromatic rings 

30 are connected by ether linkages or thioether linkages , specifically, 
bis (211-phenoxyphenyl) ether , st-bis (in-phenoxyphenoxy) benzene , and 
thioethers (so called C-ethers) wherein one or more o^gen atoms 
thereof are replaced by one or more sulfur atoms, etc. 

Examples of alkylphenyl ethers include compounds wherein a 

35 polyphenyl ether is substituted with Ce-Cis linear or branched alkyl 



group (s) f and alkyldiphenyl ethers substituted with one or more alkyl 
groups are preferable. 

When such additional base oils are used in combination with 
the lubricating oil of the present invention, the additional base 
oil partially replaces the diester represented by General Formula 
(1) used in the present invention . In other words , in the lubricating 
oil of the present invention , it is possible to use only the diester (s) 
represented by General Formula (1) as the base oil^ or a mixture of 
the diester (s) represented by General Formula (1) and the additional 
base oil (s) . In such a mixture, the concentration of the euiditional 
base oil (s) is usually 5-60 wt%, and preferably 5-20 wt%, of the total 
amount of the diester (s) represented by General Formula (1) euid the 
additional base oil (s) . 

Among the add itional base oils , because of their excellent heat 
resistance and lubricating abili^, organic acid esters are 
preferable, and because of the well-balanced heat resistance and low 
temperature viscosity f fatty acid monoesters, aliphatic dibasic acid 
diesters and polyol esters are preferable. 

Examples of especially preferable fatty acid monoesters are 
esters of a C12-C18 aliphatic linear monocubosgrl^c acid with a Cs-Cio 
saturated aliphatic linear monohydric alcohol or Ca-Cia saturated 
aliphatic branched monohydric alcohol, and q>ecifically include 
n-octyl n-dode c a n oate , n-nonyl n^dodecanoate , n-decyl n-dodecanoate , 
2-ethylhexyl 22-dodecanoate, isooctyl n-dodecanoate, isononyl 
n-dodecanoate, 3 , 5 , 5- trimethylhexyl n-dodecanoate , isodecyl 
n-do d eca n oate , isoundecyl n-dodecanoate, isododecyl n-dodecanoate, 
isotridecyl n-dodecanoate , n-nonyl n-tetradecanoate, n-decyl 
n-tetradecanoate, 2-ethylhe3vl n-tetradeceuioate, isooctyl 
n-tetradecanoate, isononyl n-tetradecanoate, 3 , 5 , 5-trimethylhe3rrl 
n-tetradecanoate, isodecyl n-tetradeccuioate, isoundecyl 
n-tetra d ecanoate , isodod e cyl n-tetradecanoate, isotridecyl 
n-tetradecanoate, n-nonyl n-hexadecanoate , n-decyl n-hexadecanoate , 
2-ethylhexyl n-hexadeca n oate , isooctyl n-hexadecanoate , isononyl 
n-hexadecanoate, 3 , 5 , 5-trimethylhexyl n-hexadecanoate, isodecyl 
n-hexadecanoate, isoiondecyl n-hexadecanoate, isododecyl 
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22-hexadecanoat:e , isotridecyl n-hexadecanoate , n-nonyl 
n-octadeccmoate , n-decyl n-octadecanoate , 2-et:hylhexyl 
n-octa d eccinoate , isooctyl n-octadecanoate , isononyl 
n-oc'badecanoat:e , 3,5,5-t:rijnethylhexyl n-octadecanoate , isod€K3yl 
n-octa d ecanoate , Isoundecyl n-octadecanoate, isododecyl 
n-octadecanoate , and xsotrldecyl n-octadecanoate. 

Because of their ability to inpart excellent fluidity and low 
viscosity at low temperatures to the resulting oil mixture, 
2-ethylhexyl n-dodecanoate , isooctyl n-dodecahoate , isononyl 
n-dodecanoate, 3 , 5 , 5- trimethylhesgfl n-dodecanoate , isodecyl 
n-dodecanoate , 2-ethylhexyl n-tetradecanoate , isooc^l 
n-tetradecanoate, isononyl n-tetradecanoate, 3 , 5 , 5-triinethylheacyl 
n-tetradecanoate, isodecyl n-tetradecanoate are most preferable. 

Examples of especially preferable aliphatic dibasic acid 
diesters are esters of adipic acid, azelaic acid or sebacic acid with 
a Cs-Cio saturated aliphatic linear monohydric alcohol or Cs-Cia 
saturated aliphatic branched monohydric eJ.cohol . Specific exanples 
include di(n-octyl) adipate, di(n-nonyl) adipate, di(n-decyl) 
adipate, di (2-ethylhea7l) adipate, diisooctyl adipate, diisononyl 
adipate, di (3,5,5-trimethylhexyl) adipate, diisodecyl adipate, 
diisoundecyl adipate, diisododecyl adipate, diisotridecyl adipate, 
di(n-octyl) azelate, di(n-nonyl) azelate, di(n-decyl) azelate, 
di(2-ethylhe3rrl) azelate, diisooctyl azelate, diisonozofl azelate, 
di (3,5,5-trimethylhexyl) azelate, diisodecyl azelate, diisoundecyl 
azelate, diisododecyl azelate, diisotridecyl azelate, di(n-octyl) 
sebacate, di(n-nonyl) sebacate, di(n-decyl) sebacate, 
di (2-ethylhexyl) sebacate, diisooctyl sebacate, diisononyl sebacate, 
di(3,5,5-trimethylhe37l) sebacate, diisodecyl sebacate, 
diisoundecyl sebacate, diisododecyl sebacate, and diisotridecyl 
sebacate. 

Among these, because of their ability to impart excellent low 
temperature fluidity to the resulting oil mixture, di (2-ethylhexyl) 
adipate, diisononyl adipate, di (3,5,5-trimethylhexyl) adipate, 
diisodecyl adipate, diisotridecyl adipate, di (2-ethylhexyl) azelate, 
diisononyl azelate, di (3,5,5-trimethylhexyl) azelate, diisodecyl 
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azelate, diisotridecyl azelate, di (2-ethylhexyl) sebacate, 
diisononyl sebacate, di (3, 5 , S-trimethylhexyl) sebacate, dlisodecyl 
sebacate, and diisotridecyl sebacate are most preferable. 

Especially preferable polyolesters include esters of 
neopentyl glycol, trimethylolprppane , pentaerythritol or 
dipentaerythritol with a C4-Cio linear and/or branched fatty acids • 
Specifically, preferable are esters of one or more polyhydric 
alcohols selected from the grov^ consisting of neopentyl glycol, 
trimethylolprppane, pentaerythritol and dipentaerythritol with one 
or more aliphatic monocarboxylic acids selected from the group 
consisting of n-butanoic acid, n-pentanoic acid, n-he2canoic acid, 
n-heptanoic acid, n^octwoic acid, n-nonanoic acid, n-decanoic acid, 
isobutanoic acid, isopentanoic acid, isohexanoic acid, isoheptanoic 
acid, isooctanoic acid, 2-ethylhexanoic acid, isononanoic acid, 
3,5,5-trimethylhexanoic acid, and isodecanoic acid. 

Among these, because of their ability to impaurt excellent low 
temperature fluidity and low kinematic viscosity at low temperatures 
to the resulting oil mixture, diesters of neopentyl glycol and a C4-C10 
linecu: fatty acid are most preferable. 

When at least one additional base oil selected from the group 
consisting of fatty acid monoesters , aliphatic dibasic acid esters 
and polyol esters is used in the lubricating oil for bearings of the 
present invention, the concentration of such additional baise oil is 
10-60 wt% , and preferably 20-40 wt% , of the total amount of diester (s) 
represented by General Formula (1) and the additional base oil . 

Other additives 

To improve the performance of the lubricating oil for bearings 
of the present invention, it is possible to suitably add one or more 
additives, such as antioxidants other than the above-described 
phenol-based and amine-based antioxidamts , metal detergents, 
ashless dispersants, oiliness agents, antiweeu: agents, extreme 
pressure agents, metal deactivators, rust-inhibitors, viscosity 
index izoprovers, potir point depressants, an tif earning agents, etc. 
The amounts of such additives are not limited, provided that the 



intended e££ect:s of the Invention are achieved, and specific exaznples 
are as described below. 

Examples of usable emtloxldants , other than phenol -based and 
amlne-based antioxidants, Include dl (n-dodecyl) thlodlprpplonate , 
dl (n-octadecyl) thlodlproplonate and like thlodlproplonates , 
phenothlazlne and like sul£\ir-based ccin7>ounds, etc. When such 
antioxidants are used, the amount thereof Is usually 0.01 to 5 paurts 
by weight, and preferably 0.05 to 3 parts by weight, based on 100 
parts by weight of the lubricating oil for bearings (I.e. , component 
(a) -h conoponent (b) ) . 

Examples of metal detergents are Ca- petroleum sulfonates, 
over based Ca-petroleimi sulfonates, Ca-alkylbenzene sulfonates, 
over based Ca-allqrlbenzene sulfonates, Ba-alkylbenzene sulfonates, 
over based Ba-alkylbenzene sulfonates, Mg-alkylbenzene sulfonates, 
over based Mg-aOJ^lbenzene sulfonates , Na-all^lbenzene sulfonates , 
over based Na-allt^lbenzene sulfonates, Ca-alkylnaphthalene 
sulfonates , over based Ca-alkyln^^hthalene sulfonates and like metal 
sulfonates; Ca^henate, over based Ca-phenate, Ba-phenate, over 
based Ba-phenate and like metal phenates; Ca-sallcylate, over based 
Ca-sallcylate and like metal salicylates ; Ca-phosphonate, over based 
Ca-phosphonate, Ba-phosphonate, over based Ba-phosphonate and like 
metal phosphonates ; over based Ca-carboxylates , etc. When such 
metal cleaning agents are used, the amount thereof is usually 1-10 
paurts by weight and preferably 2-7 puts by weight per 100 parts by 
weight of the lubricating oil for bearings (i.e. , component (a) -H 
component (b) ) . 

Examples of oiliness agents include dimer acids , hydrogenated 
dimer acids and like polymerized fatty acids; ricinolelc acid, 
12-hydroxystearic acid and like hydros^atty acids; lauryl alcohol, 
oleyl alcohol or like saturated or unsaturated aliphatic 
monoalcohols ; stearyl amine , oleyl amine and like aliphatic saturated 
and unsaturated monoamines , lauramide, oleamide and like saturated 
or unsaturated aliphatic monocarboxyllc acid amides ; etc . When such 
oiliness agents are used, the amount is usually 0 . 01 parts by weight 
to 5 parts by weight, and preferably 0.1 parts by weight to 3 parts 



by weight, per 100 parts by weight of the lubricating oil for bearings 
(i.e., con5»nent (a) + component (b) ) . 

Examples of usable antiwear agents and extreme pressure agents 
include phosphorus -based compounds, e.g., amine salts of an acid 
phosphate such as dibutyl phosphate, dioctyl phosphate or dicresyl 
phosphate , amine Sed-ts of an acid phosphite such as dibutyl phosphite 
or diisopropyl phosphite; sulfur-based compounds, e.g. , sulfurized 
oils and fats , sulfurized oleic acid and like sulfurized fatty acids , 
dibenzyl disulfide, sulfurized olefins or dialkyl disulfides; 
organometallic compounds such as Zn-dialkyldithio phosphates, 
Zn-dialkyldithio phosphates, Mo-dialkyldithio phosphates, 
Mo-dialkyldithio carbamates, etc. When such antiweaur agents are 
used, the amount is usually 0,01-10 parts by weight, and preferably 
0,1-5 parts by weight, per 100 paurts by weight of the lubricating 
oil for bearings (i.e., component (a) + component (b) ) . 

Thiadiazole-based compotinds and the like £u:e usable as metal 
deactivators . When such compoiind(s) are used, the amount to be added 
is usually 0.01-0.4 parts by weight, and preferably 0.01-0.2 parts 
by weight, per 100 parts by weight of the lubricating oil for bearings 
(i.e., component (a) + component (b)). 

Examples of rust-inhibitors include dodecenylsuccinic acid 
half esters , octadecenylsuccinic anhydrides , dodecenylsuccinic acid 
ami d e and like alkyl or eOkenyl succinic acid derivatives ; sorbitan 
monooleate, glycerol monooleate, pentaerythritol monooleate and 
like partial esters of polyhydric eacohols; Ca-petroleum sulfonate, 
Ca-alkylbenzene sulfonates, Ba-alkylbenzene sulfonates, 
Mg-alkylbenzene sulfonates, Na-alkylbenzene sulfonates, 
Zn-al]^lbenzene sulfonates, Ca-alkylnaphthalene sulfonates and like 
metal sulfonates ; and rosin amine , N-oleyl saurcosine and like amines . 
When such rust-inhibitors are used, the amount is usually 0 . 01-5 parts 
by weight, and preferably 0.05-2 paurts by weight, per 100 parts by 
weight of the lubricating oil for bearings (i.e. , component (a) + 
component (b) ) . 

Examples of viscosity index improvers include 
polyalJcylmethacrylates , polyalkylstyrenes , polybutenes. 



ethylene-propylene copolymers, styrene-diene copolymers, 
styrene-maleic anhydride ester copolymers, and like olefin 
copolymers . When such viscosity index i.niprovers are used, the amoun-t 
is usually 0.1-15 parts by weight, and preferably 0.5-7 parts by 
weight, per 100 parts by weight of the lubricating oil for bearings 
(i.e., component (a) + component (b) ) . 

Examples of p>our point depressants include condensates of 
chlorinated pcuraffin and alkylnaphthalene , condensates of 
chlorinated para f fin and phenol, and polyeJ-lq^lmethacrylate , 
polyaUcylstyrene, polybutene, etc. , which aure aO-so viscosity index 
improvers as mentioned above . When such pour point depressants are 
used, the amount is ustially 0.01-5 puts by weight, and preferably 
0.1-3 parts by weight, per 100 parts by weight of the lubricating 
oil for beaurings (i.e., component (a) + component (b)). 

Liquid silicones are suitable as an antif earning agent and the 
amount thereof is preferably 0 . 0005-0 . 01 parts by weight per 100 peurts 
by weight of the lubricating oil for bearings (i.e. , component (a) 
+ component (b) ) . 

Compared with known lubricating oils , the lubricating oil for 
bearings of the present invention has comparable or better heat 
resistance and lower kinematic viscosity, and is excellent in low 
temperature fluidity. 

The lubricating oil for beaurings of the present invention can 
be used for various bearings £uid is especially suitable for oil 
impregnated sintered beeurings and fluid dynamic bearings. The 
lubricating oil for becurings of the present invention can also be 
used for bearings made of various kinds of materials, such as 
iron-based bearings , copper-based bearings or lead-based bear ings , 
and is applicable, for example, to capstan bearings of portable 
radio-cassette players/recorders , portable CD players , portable MD 
players, etc. , and motor bearings for use in cooling fan motors of 
automobile radiators, etc. 

The lubricating oil for bearings of the present invention 
preferably has a kinematic viscosity at 40 ^'C of 5-32 mm^/s, and more 
preferably 5-22 mm^/s. From the view point of electriccJ. power 



savings , it is preferable that the lubricating oil for bearings have 
a kinematic viscosity at 40"* C of 5-10 mm^/s and a kinematic viscosity 
at 0°C of 15-40 mmVs, paurticularly 15-35 mm^/s. These kinematic 
viscosity values are those measured by the method described in the 
Examples below. 

EXAMPISS 

The present invention will be described below in detail with 
reference to Examples and Comparative Examples; however, the preseni: 
invention is not limited to these examples. The properties of the 
lubricating oils prepared in each example were measured and evaluated 
by the following methods. 
Total acid number 

Measured according to JIS-K-2501. 
Kinematic viscosi'^ 

Kinematic viscosities at CC, 40''C and lOCC were measured 
according to JIS-K-2283. 
Viscosity index 

Measured according to JIS-K-'2283. 
Test for low temperature fluidity 

Pour points were meastired according to JTS-K-2269. 
Test for heat resistcuice 

In a 50 ml beaker having an inside diameter of 53 mm and a height 
of 56 mm was placed 2 g of a beauring lubricating oil of one of the 
Examples and Conaparative Eacamples . Each beaker was covered by a 200 
ml beaker and heated at 150 ''C in an oven for 7 days . The evaporation 
amount of the lubricating oil after heating was determined according 
to the following formula. The smaller the evaporation amount, the 
better the heat resistance. 

evaporation amount (%) = [ (Wq-W) /Wq] XlOO 
wherein Wq represents the weight before the test and W represents 
the weight after the test. 
Lubricating ability test-1 

The coefficient of friction at 25''C was measured using a SODA 



pendulum style tester . The smaller the coefficient of friction is , 
the better the lubricating ability is. 
Lubricating ability test-2 

Wear scar diameter under a load of 20 kg were meastired using 
a Shell four-ball tester. The smaller the wear scar diameter, the 
better the lubricating ability. 
Metal CQgppatibillty test 

In a 50 ml beaker having an Inside diameter of 53 ram and a height 
of 56 mm were placed about 30 g of a bearing lubricating oil of one 
of the Examples and Comparative Examples , and then metal pieces (iron , 
copper, and lead) . Each beaker was covered by a 200 ml beaker and 
heated at 150 in an oven for 7 days . After the test, the lubricating 
oil was filtered, and the total add number of the lubricating oil 
was measured. The smaller the Increase in total acid number, the 
more compatible with metal . The test samples used were as follows : 

Iron : A piece of wire (having a length of 40 mm and a diameter 
of 1.6 mm) was used cifter abrading its surface with abrasive p^>er 
(600 grade) . 

Copper : A piece of wire (having a length of 40 mm and a diameter 
of 1 . 6 mm) was used €Lf ter abrading its surface with ed3rasive paper 
(600 grade) . 

Iiead : A lead block (about 1 g , manufactured by Nacalal Tesque , 

Inc.) 

Production Example 1 

In a 1-11 ter 4-necked flask equipped with a stirrer, a 
thermometer , and a water separator having a condenser tube were placed 
445.0 g (3.09 mol) of n-octanolc acid (manufactured by New Japcui 
Chemical Co., Ltd., product name: C^ryllc Acid) , 177 g (1.5 mol) 
of 3-methyl-l , 5-pentanedlol (manufactured by Kuraray Co., Ltd., 
product name: MED) , xylene (5 wt% based on the total amoxint of the 
acid and the alcohol) and tin oxide (0.2 wt% based on the total amount 
of the acid and the alcohol) as a catalyst, and the mixture was heated 
to 220 ""C under reduced pressure . While roiovlng the generated water 
using the water sepaarator, an esterification reaction was conducted 



for about 4 hours until the amount of water collected reached the 
theoretical amount of generated water (54 g) . 

After completion of the reaction, excess acid was removed by 
distillation . Thereafter , the reaction mixture was neutralized with 
an excess of cui aqueous caustic soda solution relative to the total 
acid number after the reaction, and washed with water until the 
washings became neutral . The reaction mixture was then treated with 
activated carbon and filtered, giving 505 g of 
3-inethyl-l , 5-penteUiediol di (n-octanoate) . 

The total acid nundber of the thus cbteujied ester was 0 . 01 (mg 
KOH/g) , and an FT-IR analysis showed that absorption due to carboxyl 
groups had disappeared and ester absorption was observed, and 
therefore it was confirmed that the resulting ester was a diester. 

Production Example 2 

The procedure of Production Example 1 was repeated with the 
exception of using 401.7 g (3.09 mol) of n-heptanoic acid 
(manufactured by Wako Pure Chemical Industries, Ltd. , 
reagent, "n-heptanoic acid'') instead of n-octanoic acid, giving 496 
g of 3-methyl-l,5-pentanediol di (n-heptanoate) . 

The total acid number of the thus obtained ester was 0 . 01 (mg 
KOH/g) , and an FT-IR analysis showed that absorption due to cai^xyl 
groups had diss^ypeared and ester absorption was observed, and 
therefore it was confirmed that the resulting ester was a diester. 

Production Example 3 

Following the procedure of Production Example 1 and using 80 .3 
g (0 . 618 mol) of n-heptanoic acid and 356 . 0 g (2 . 472 mol) of n-octanoic 
acid [n-hepteuioic acid : n-octanoic acid = 20 : 80 (molar ratio)] 
instead of n-octanoic acid, 3-methyl-l , 5-pentanediol was reacted 
with n-heptanoic acid and n-octanoic acid, giving 503 g of an ester 
mixture. 

The obtained ester was an ester mixture comprising a mixed 
diester , i.e., 3-methyl-l , 5-pentanediol 
(n-heptanoate) (n-octanoate) , 3-methyl-l, 5-pentanediol 



di (n-heptanoate) , and 3-methyl-l , 5-pentanediol di (n-octcmoate) . 

The total acid number of the thus obtained ester was 0 . 01 (mg 
KOH/g) , and an ET-IR analysis showed that absorption due to carboxyl 
groups had disappeared and ester absorption was observed, and 
therefore it was confirmed that the resulting ester was a diester. 

Production Exaznple 4 

Following the procedure of Production Exaiople 1 and using 200 . 9 
g (1.545mol) of n-heptanoic acid and 222 . 5 g (1.545]iiol) of n-octanoic 
acid [n-heptanoic acid : n-octanoic acid = 50 : 50 (molar ratio) ] 
instead of n-octanoic acid, 3^methyl-l , 5-pentanediol was reacted 
with n-heptanoic acid and n-octanoic acid, giving 500 g of an ester 
mixture. 

The toteU. acid number of the thus obtained ester was 0 . 01 (mg 
EOa/g) , and an FT-XR analysis showed that absorption due to carboxyl 
grotxps had dis^^apeared and ester absorption was observed, and 
therefore it was confirmed that the resulting ester was a diester. 

Production Example 5 

Following the procedure of Production Example 1 and using 200 . 9 
g (1.545mol) of n-heptanoic acid and 244 . 1 g (1.545mol) of n-nonanoic 
acid (manufactured by Wako Pure caiemical Industries, Ltd. , reagent, 
^^largonic acid'') [n-heptanoic acid : n-nonanoic acid=50 : 50 (molar 
ratio)] instead of n-octanoic acid, 3-methyl-l , 5-pentanediol was 
reacted with n-heptamoic acid and n-nonanoic acid, giving 508 g of 
an ester mixture. 

The total acid number of the thus 6bted.ned ester was 0 . 01 (mg 
EOE/g) , and an £Tr-IR euialysis showed that absorption due to carboxyl 
groups had dis^peared and ester absorption was observed, and 
therefore it was confirmed that the resulting ester was a diester. 

Production Example 6 

Following the procedure of Production Example 1 smd using 189.1 
g (1.854 mol) of n-pent£moic acid (manufactured by Nacalai Tesque, 
Inc . , reagent ""n-valeric acid") and 160 . 7 g (1 . 236 mol) of n-heptanoic 



acid [n^pentanoic acid : n-heptanoic acid = 60 : 40 (molar ratu.o) ] 
instead of n-octanoic acid, 3-methyl-l , 5-pentanediol was reacted 
with n^pentanoic acid and n-heptanoic acid, giving 471 g of an ester 
mixture . 

The total acid number of the thus obtained ester was 0 . 01 (mg 
KOH/ g) , and an ETT-IR cuialysis showed that absorption due to carboxyl 
groups had disappeared and ester absorption was observed, and 
therefore it was confirmed that the resulting ester was a diester. 

Production Example 7 

Following the procedure of Production Example 1 and using 488 . 2 
g (3.09 mol) of n-nonanoic acid (manufactured by Wako Pure Oiemical 
Industries, Ltd. , reagent, ^^pelargonic acid'') instead of n-octanoic 
acid, 555 g of 3-methyl-l , 5-pentanediol di (n-nonanoate) was obtained. 
The total acid number of the thus obtained ester was 0 . 01 (mg KOH/g) , 
and an £T-IR analysis showed that absorption due to carboxyl groups 
had disappeared cuid ester absorption was observed, and therefore it 
was confirmed that the resulting ester was a diester . 

Production Example 8 

Following the procedure of Production Example 1 and using 222 . 5 
g (1 . 545 mol) of n-octanoic acid and 244 . 1 g (1 . 545 mol) of n-nonanoic 
acid (n-octanoic acid : n-nonanoic acid = 50 : 50) instead of 
n-octanoic acid, 3-methyl-l , 5-pentanediol was reacted with 
n-octanoic acid euid n-nonanoic acid, giving 473 g of an ester mixture . 

The total acid number of the thus obtained ester was 0 . 01 (mg 
KOH/g) , and an FT-IR analysis showed that absorption due to carboxyl 
groiqps had dis^ppeeured and ester absorption was observed, and 
therefore it was confirmed that the resulting ester was a diester. 

Production Example 9 

Following the procedure of Production Example 1 and using 267 
g (1 . 854 mol) of n-octanoic acid and 212 . 6 g (1 . 236 mol) of n-decanoic 
acid (n-octanoic acid : n-xiecanoic acid = 60 : 40) instead of 
n-octanoic acid, 3-methyl-l , 5-pentanediol was reacted with 
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n-octanoic acid and n-deccuioic acid, giving 538 g o£ an ester mixture . 

The total acid nxsnber of the thus obtained ester was 0 . 01 (mg 
KOH/g) , and an FT-IR analysis showed that absorption due to carboxyl 
groups had disappeared and ester absorption was dbseirved, and 
5 therefore it was confirmed that the resulting ester was a diester. 

Examples 1-25 

Using esters obtained in Product:ion Examples 1-9, lubricating 
oils for bearings of Examples 1-25 were prepared having the 

10 prpport^ions (parts by weight) of constituent:s as shown in Tables 1-3 . 
The kinematic viscosity^ viscosity index, total acid number, low 
tooperature fluidity, heat resistance, lubricating ability, and 
metal compatibility of each bearing lubricating oil were measured. 
Tables 1-3 show the results . The additives used and the abbreviations 

15 thereof are listed below. 

Phenol-based mtioxidant (1) 

A: 4,4' -methylenebis-2,6-di-t-butylphenol (reagent, product of 
Tokyo Kasei Kogyo Co., litd.) 

B: 2,6-di-t-butyl-p-cresol (reagent, product of Tokyo Kasei Kogyo 
20 Co., Ltd.) 

itoine-based antioxidant (2) 

Pi'P ""-dioctyldiphenylamine (product of Vanderbil't Company, 
product name '^VAMI^UBE 81'') 

D: di (nonylphenyl) amine (product of Vanderbilt Company, product name 
25 ^'VANIiUEE DND") 

E : an all^lated diphenylamine (product of Vanderbilt Company, product: 
name '^VANLUBE NA"; di (2 ,4-dialkylphenyl) amine) 

F: N-^henyl-l-naphthylamine (reagent, product of Wako Pure Chemical 
Industries, Ltd.) 
30 Aliphatic linecu: saturated monocarboxylic acid (3) 

6: n-tetradecanoic acid (product of New Japan Chemical Co., Ltd., 
product name ^^Myxistic acid") 

H: n-hexadecanoic acid (product of New Japan Chemical Co., Ltd., 
product name Palmitic acid P") 
35 I: n-octadecanoic acid (product of New Japan Chemical Co., Ltd., 



product: name '^Yxakijirushi stearic acid 2000") 
Phosphoxrus -based compound (4) 

J-' tricresyl phosphate (product of New Japan Oiemical Co., Ltd. , 
product name ^'Sanso Clzer TCP") 

K: triphenyl phosphate (reagent, product of Wako Pure Chemical 
Industries , Ltd . ) 

L: trioctyl phosphate (reagent, product of Wako Pure Chemical 
Industries , Ltd . ) 

Benzotriazole-based compounds (5) 

M: benzotriazole (product of Joholcu Chemical Co. Ltd. , product name 
^^BT-120") 

Gallic acid-based ocmpound (6) 

N: propyl gallate (reagent, product of Wako Pure Chemical Industries , 
Ltd.) 

O: lauryl gallate (reagent, product of Wako Pure Chemical Industries , 
Ltd.) 

Comparative Examples 1-2 

The kinematic viscosity, viscosity index, totaU. acid nxmober, 
low temperature fluidity, heat resistance, lubricating ability, and 
metal compatibility of each ester prepared in Production Examples 
1 and 3 were measured. Table 3 shows the results. 
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As is clear from Tables 1-3, the Ixabricating oils for bearings 
of Examples 1,2,9 and 11, comprising components (a) and (b) of the 
present invention, have low viscosities at O^'C and 40 °C and high 
viscosity indexes, and therefore they exhibit low-viscosity 
properties over a wide tenperature range. They also have low poxir 
points and excellent low temperatiire fluidities, and are excellent 
in heat resistance, lubricating ability and metal compatibility. 

Furthermore, the lubricating oil for beaurings of the present 
invention obtained by combining various additives, especially, at 
least one mem ber selected from the group consisting of (c) 
phosphorus -based oosnpounds and aliphatic linear saturated 
monoccurbo^llc acids , smd, if necessary, at least one mesnber selected 
from the group consisting of (d) benzotriazole-based ocmpounds and 
gallic acid-based compounds, has further improved heat resistance, 
lubricating ability, metal compatibility , etc. , in addition to the 
above-mentioned properties. 

In contrast, the lubricating oil comprising only the present 
ester without component (b) , i.e., without at least one member 
selected from the grotxp consisting of phenol-based antioxidants and 
amine-bctsed euitioxidants , as in Compaurative Examples 1 and 2 shown 
in Table 3, are inferior in heat resistcuice andmetaJ. compatibility. 

INDUSTEOAL AP^ICABILITY 

The Itibricating oil for bearings of the present invention has 
an excellent heat resistance and a low viscosity over a wide 
temperature range, and therefore it can greatly save energy and fuel. 
Furthermore, in addition to the above-mentioned properties, the 
Itabricating oil for beaurings 6btad.nedby combining vaurious additives 
ad.so exhibits excellent lubricating ability, low temperature 
fluidity, and metaLL compat. i biliiy . 



